ANOTHER 
‘SURFACE’ SOLUTION 
TO PRODUCTION 
PROBLEMS 


NORMANMZING armor castings in a ‘Surface’ car bottom direct-fired 
urnace with low pressure, velocity type burners, 


*Direct-fired Furnaces 
muy be your answer! 


For many heating and heat treating opera- 
tions, where accurate control of temper- 
ature 1s the prime requirement, ‘Surtace’ 
direct-fired furnaces often prove most 
* ‘SURFACE’ economical. 
DIRECT-FIRED ( onsider the flexibility of direct-fired 
equipment...An available temperature 
FURNACES FOR: range of GOOF to 2500F means you can 


A ling - Cycle A ling draw, harden, anneal and forge... 70 





Stress Relieving - Drawing types of ‘Surface’ burners in 700 sizes 


Hardening - Malleableizing provide combustion equipment for 


Normalizing - Pack Carburizing your large and small production jobs 
Preheating - Wire Patenting In addition, over 80 proved types of 
modern materials handling mech- 


anisms are available for many im- 


Interrupted Quenching - Forging 


portant labor savings. 
“— * Let us give you some new ideas 
on what ‘Surface’ direct-fired 


furnaces can do for you. Write 
<today for Bulletin SC-156. 


SURF Cou 


TOLEDO 1, OHIO 








Thousands of Parts 
Are Heat Treated 
Daily in ‘Surface’ 
Hardening Furnaces 


Successful heat treatment means 
control of costs, economy in oper- 
ation, conservation of labor and 
materials 


* During the past 10 years 
people making adding machines, 
milling machines, tanks, trucks, 
dies, gears, typewriter parts and 
many other items have steadily 
increased their reliance on ‘Sur- 
face’ Standard Rated Harden- 


ing furnaces. 


Selection of a furnace for 
hardening operations depends 
on production rate required, 
contour and dimensions of the 
part, temperature required, and 
desired final surface condition. 


Cutter wheel liquid 
heated at 1550°F for 
20 mins. in ‘Surface’ 

4 Standard Rated Pot 
v F 


urnace, 


AElectric Refrigerator 
shaft steel hardened 
in ‘Surface’ Stand- 
ard Rated Small 

Oven Furnace 


To meet these needs, 3 general 
types of hardening furnaces are 
available, each in many models 
and sizes: Oven Type: direct- 
fired; standard hearth areas are 
1.5 to 45 sq. ft. Larger sizes are 
available, if required. For hard- 
ening where volume production 
and flexibility to handle large 
ieces are important. Send for 
Lisecetene Group HO. 


Pot Type: used where charge 
must be protected from air or 
decrementally heated. These 
furnaces are used for heating 
salt, oil or lead for interrupted 
quench baths. 24 standard sizes. 
Circular or rectangular. Send 
for Literature Group HP. 


Prepared Atmosphere Type: 
for complete surface protec- 
tion and where dimensional 
stability is required. Muffle 
type, externally fired. Send for 
Literature Group HA. 











The cover design contrasting the old and new in 
racing cars won an honorable mention for Al- 
drich J. Hansal in Metal Progress’ leom- 
petition for students at Cleveland School of Art 
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T HAS BEEN my privilege to attend meetings of the 
Trustees of the Society for 34 years, and since the 
Board meets four times a year, I have attended 136 meet- 
ings, minus one-half. That half was in January 1921 when 
a heating system that refused to work contributed con- 
siderably to a case of quinsy ‘(not Kinsey) ; I attended the 
session in the morning, but the Trustees sent me home 
after lunch 
The most important meeting the Board has held in 
many a year took place in National Headquarters in 
Cleveland on July 31, 1952. On that day the Board 
established the American Society for Metals Foundation 
for Education and Research with a starting endowment 
of $650,000.00 
To bring you up to date, the idea for the Foundation 
was suggested to the Board in a communication from the 
Secretary presented at the meeting on Jan. 31, 1952. The 
event in the life of the Society which prompted me to 
make this suggestion was the enactment of new provisions 
of the Internal Revenue Code pertaining to tax-e 
organizations, under which the Society operates 
Society has been fortunate that in all 34 years of 
existence, with one exception (1932), there has been an 
excess of income over expenditure This accumulated 
reserve is now of sufficient size that the income from this 
fund, together with the current excess of income ove! 
expense, should be made available for financing worthy 
projects 
e Foundation was incorporated under the laws of 
Ohio, and, upon ratification by the membership at the 
annual meeting in Philadelphia on Oct. 23, will receive a 
total of $650,000 in cash or in equivalent securities. The 
principal of this fund may not be expended. Only the 
income from the invested principal will be available for 
appropriation by the trustees of the Foundation. These 
trustees are the president and the four immediate past- 
presidents of the Society, each serving five years. The 
governing board of the Foundation will consist of the 
following past-presidents Harold Work, Arthur Focke 
Walter Jominy, John Chipman, and the incoming president 
Ralph Wilson. The income for the first year will be be- 
tween $25,000 and $30,000. It is contemplated that the 
Society may make additional contributions to the Founda- 
tion as the trustees may deem advisable and desirable 
s I stated before, the incorporation papers have been 
filed. The original meeting of the trustees of the Founda- 
tion has been held. The funds, consisting of stocks and 
bonds which are to be allocated to the Foundation, have 
already been set aside. Nevertheless, not one of these 
activities will become operative or legal until the entire 
activity has been approved at the next annual meeting of 
the Society in October 
When one takes into consideration the fact that the 
Society was devoid of funds some 34 years ago—in fact 
was $1400 in debt—it must be a matter of pride, not only 
to the present members but to those who have given their 
time and help during the early periods, that the Society 
has become recognized as the Engineering Society of the 
Metals Industry, and that its accumulated funds are being 
devoted to education and research in the metals field 
Complete details of the Foundation will appear in the 
September issue of Metals Revieu 
I feel this Foundation is a step in the right direction 
and I am mighty pleased indeed not only to have had the 
honor of proposing this Foundation, but also the privilege 
of being a participant in the management and a member 
of the ASM Board during all the 34 years the funds were 
being accumulated that made this Foundation possible 


Cordially yours, 


W. H. Etsenman, Secretary 
AMERICAN SOCIETY FOR METALS 








Muffles and ,@6 
Baskets... r 


Thermalloy baskets stacked 
four high with lift strap 


Shoker hearth muffle 


In countless heat-treat applications, users find 
that THERMALLOY* muffles and baskets 
give longer hours of service... more oper- 
ating hours per dollar. Here’s why: 

e X-ray inspection of both welds and 
castings assures shipment of muffles that 
will give long, trouble-free service. 

e Close analysis control of Thermalloy de- 
velops optimum strength and ductility 
to resist cracking, warping and sagging. 














; 


fer 


Whether you need muffles or baskets 
retorts, trays, fixtures, chain conveyors or 
other heat-treat equipment—investigate 
Thermalloy! It will help you get longer 
service life per dollar. 

For recommendations on your specific 
needs, call your nearest Electro-Alloys 
representative. Or write Electro-Alloys 
Division, 2101 Taylor Street, Elyria, Ohio. 

*Reg. U. S. Pat. Of. 


lowest cost 
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Here are the “Plus” 
Features of the New 
Bliss Forging Press: 


Easily adjusted die seat: The wedge-type die 
seat permits easy, positive adjustment. 
Withstands severe usage: A specially-designed 
Bliss heavy-duty air friction clutch and an air 
release spring brake, both mounted on a full 
eccentric main shaft, permit fast press speeds 
on ‘round-the-clock production runs. 

Die alignment maintained even when off- 
center loads are applied, because front of slide 
has long, continuous gib ways extending up 
into crown. 

For complete information on 8LISs 

the new Bliss line of High- FORGING PRESSES 
Speed Forging Presses, write 


for Catalog 42. 


ON YOUR PRESS IS MORE THAN 
A NAME...IT’'S A GUARANTEE! 


New Bliss Forging Press for high production to be built in a 


wide range of sizes with capacities up to 4,000 tons. 


E.W. BLISS COMPANY, CANTON, OHIO 
E. W. Bliss (England) Ltd., Derby, England 
E. W. Bliss Company (Paris), St. Quen sur Seine, France 


PRESSES, ROLLING MILLS, SPECIAL MACHINERY 


Branch Offices in Chicago, Cleveland, Dayton, Detroit, Indianapolis, New Hoven, 
New York, Philadelphia, Rochester, Toledo, and Teronmte, Canada. West Coast Rep- 
resentatives: Moore Machinery Co., Les Angeles and Son Francisco; Stor Machinery 
Company, Seattle. Other dealers in United States and cities throughout the world. 





Jel. Ad. T-620(36) 


Heat-Treater ot Hoffmo 


diancpolis emptying 
shells from work bosket 
shuts 


Pane mounted M 


records and controls furr 


Hoffman Specialties Co. reports on Steam Homo 


“Tuoreried Unifornity...luereared Quality of Brot Part” 


@ Scale-free heat-treating of both non-ferrous and 
ferrous parts at temperatures to 1150 F is one of 
the big jobs that the versatile L&N Steam Homo is 
doing for industry. Brass and bronze parts, for 
example, are treated so effectively that they come 
out of the furnace not only uniform in quality, but 
really clean . . . many times ready for use “as is.” 


The experience of the Hoffman Specialties Co., 
manufacturers of heating system products, illustrates 
these points. They have noticed that Steam Homo 
does even more than increase the uniformity and 
quality of product components. There is also an 
increase in the life of the tools used on their 
products in operations following heat-treatment. 
This is attributed by Hoffman to two factors: 


CAREER OPPORTUNITIES AT L&N 
gram of this k 


i »TO 
Expansion p tract ou 


many features to at parry 
es in engineering anc ay 
d engineering, pro a. 
-h, advertising, mar 


at 
in sales fiel 
ngineering, researc er ; 
oa Widely-respected policies assur" 
a Address Personnel Mana 
, rest of 17 L&N offices. 


progress. 
interview at nea 


yng-established firm has 

tstanding recent gradu- 

Opportunities are 
application 
develop- 
recognition of 
ger for preliminary 


(1)!Uniformity in hardness of treated parts. 
(2) Better adherence of lubricants to treated parts. 

Hoffman’s experience is typical of many users. 
Wherever a steam atmosphere is indicated . . . for 
steam-treating high speed cutting tools . . . for 
safely and uniformly bluing iron and steel parts or 
for steam-treating powdered iron compacts after 
sintering L&N Steam Homo is being enthusiastically 
received and successfully applied. 

Safe, compact Steam Homo equipment is ideal 
for installation directly in production lines. It can 
be placed on the floor (as above) or sunk in a pit. 
Check the advantages of this furnace with your 
nearest L&N representative or write 4927 Stenton 
Ave., Phila. 44, Pa. 





For full information about Steam 
Homo, send for the NEW 12 
page catalog,“L&N Steam Homo 
Method for Heat-Treating.” 











LEEDS NORTHRUP 





instruments automatic controls furnaces 
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eo. insist on 
eo increased part life, 
longer production 
runs, lower costs 


Ampco Metal is 
vsed as indicated, 





H. G. Weber & Co., Inc. 


Kiel, Wisconsin 


Paper bag machine with capacity up to 300 bags per 
Product: minute. Shown here is bottom folding drum and cam 
roller arrangement. 


Bottom folding drum is equipped throughout with 
Application of Ampco castings for cam followers, drum fingers, 
Ampco Metal: opening cylinder fingers, drum clamps and center 
a ————- gripper finger holders. Cams are subjected to high 
shock load. Cam followers make cam contact 300 to 
500 times per minute. Cam roller pressures .. . 35 to 
40 Ibs. 


Ampco Metal gives substantially longer cam life and 


reduces manufacturing costs by eliminating heat treat- 
ing and grinding. 





Results: 
Ampco Metal increases part life by eliminating exces- 


sive wear on drum parts caused by abrasiveness of 
the paper. 


IT’S PRODUCTION-WISE TO AMPCO-IZE! 















Cam Sond-cost Sand-cast 












AMPCO 


METAL 


Today’s production schedules are demanding. They 
call for machines that are tough — machines that 
can take it hour after hour, day after day, month 
after month, 

Designers and plant operating men are using 
Ampco Metal to build this extra toughness, longer 
life into their products and equipment, 

Here’s why: Ampco Metal has high compressive 
strength — doesn’t squash out. It resists abrasion, 
corrosign and erosion, These properties plus high 
impact, high fatigue values and excellent bearing — 
qualities make Ampco Metal ideally suited for the Pr 3 

7 
ee 


~*~ 
_ 
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Bushing material —Centrifugally-cast Ampco Grode 
18 bors, standard 121.” lengths. 














toughest kind of service. 
You can get Ampco Metal in a variety of forms 
—sand and centrifugal castings, bars, forgings, sheet, 


<9 he samen 
. ; 4 
plate, tubes, arc welding electrodes and wire, etc. pe ; i C 
Enjoy higher production, freedom from trouble 
in both product and plant —use Ampco Metal. 


r ys 


Your nearest Ampco field engineer is glad to help 

you on any application. Consult him or write us 

for additional information. 

*Reg. U. S$. Pat. Off., Ampco Metal, Inc, . 

: d mail today/ 

is coupon etal 
AMPCO METAL, INC., Dept. MP-9, Milwavkee 46, Wisconsin 


Clutch ring Centrifugally cast 








Tear out th 


Send me your free Ampco Metal literature giving descriptions 
and general applications of Ampco Metal. 
Ampco Metal, Inc. 
MILWAUKEE 46, WISCONSIN 


West Coost Plant 
BURBANK, CALIFORNIA 


NOW YOU CAN 
TOOL STEEL IN- 


New “GRAPH-MO HOLLOW-BAR” 
longer wear of Graph-Mo with the 





ERE’S big news for makers of ring gages, dies 
and other ring-shaped tool steel parts! A new 
: product—“Graph-Mo Hollow-Bar”—gives you all 


the advantages of Graph-Mo tool steel p/us all the ADVANTAGES OF 
; advantages of a hollow bar section. GRAPH MO 


With “Graph-Mo Hollow-Bar” you can eliminate 

) drilling, make finish boring your first step. The hole 

Fis already there. You cut machining time, reduce 
scrap loss, get more parts per ton of steel! 


= 


Most stable tool steel made 





And you get all the proven advantages of Graph- 
Mo-—a special kind of tool steel that contains free 
graphite and diamond-hard carbides in its structure. 


Outwears others 3 to 1 


Machines 30% faster 


User reports show that Graph-Mo outwears other 
tool steels an average of three to one. 


Minimum tenden i 
Tests prove it machines 30% faster than other endency to pick up, 
tool steels. scuff or gall 
It has minimum tendency to pick up, scuff or gall. Unif h 
12-year tests prove it’s the most stable tool steel nitorm response to heat 
made. treatment 
It gives uniform response to heat treatment. 











All these advantages, plus the economy of the 
hollow bar section, make ““Graph-Mo Hollow-Bar”’ 
the big news of the year for makers of ring-shaped __ Britain, Philadelphia, Buffalo, Pittsburgh, Cleveland, 
tool steel parts. Akron, Dayton, Toledo, Detroit, Grand Rapids, Indian- 

“Graph-Mo Hollow-Bar” comes in sizes ranging *POlis, Chicago and San Francisco. 
from 4” to 16” O.D. with a variety of wall thick- For full information on this money-saving new 
nesses. It is distributed through A. Milne and Com- _Timken steel product write, The Timken Roller Bearing 
pany and Peninsular Steel Company. And it’s avail- Company, Steel and Tube Division, Canton 6, Ohio. 
able in the following cities: New York, Boston, New Cable address: ““TIMROSCO”. 


Specialists in fine alloy steels, graphitic 
tool steels and seamless tubing 
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GET GRAPH-MO 
HOLLOW BARS! 


combines the faster machining and 
economy of a hollow bar section 





i 
ADVANTAGES OF ADVANTAGES OF 


HOLLOW BARS 


No drilling ee 
~ 
Finish boring is first step 





Less machining time 


— HOLLOW-BAR” 


More parts per ton of steel 























YEARS AHEAD THROUGH EXPERIENCE AND RESEARCH 
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& SHELL CASE ANNEALING FURNACES 
(brass or steel) 


@ SHELL CASE HARDENING FURNACES 
(steel) 


@ ARMOR CASTING HEAT TREAT FURNACES 


@ SHELL FORGING FURNACES 


@ SHELL FORGING AND COOLING CONVEYORS 


@ SHELL HEAT TREAT LINES 

















LOFTUS 





C. 


AND CONSTRUCTS: 


@ ALUMINUM MELTING FURNACES 

@ ALUMINUM HOMOGENIZING FURNACES 

@ ALUMINUM SOLUTION HEAT TREAT FURNACES 
@ ALUMINUM AGING AND ANNEALING FURNACES 
@ ALUMINUM FORGING FURNACES 


@ 60 CYCLE INDUCTION HEATING FURNACES 





re . ENGINEERING CORPORATION 


igqners and Builders of Industrial Furnaces 


Investigated all types, 
Bought 


Westinghouse 


*Our Westinghouse gas-fired rectangular bell 
furnace has greatly increased our production of 
high-quality steel. It enables us to meet stringent 
customer decarburization specifications. Rejects 
have been virtually eliminated. Several costly pro- 
duction operations have been reduced or are 
entirely avoided”... reports this leading producer 
of tool and specialty steels. 

“We investigated all types before purchasing 
this furnace. In our opinion, Westinghouse was 
the best engineered, and offered the most atmos- 
pheric control on the market. To meet the demands 
for more production, we have just purchased 
another Westinghouse furnace.” 


Gas-fired or electric, there’s a Westinghouse 
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,..ays Leading Tool Steel Producer 


furnace to meet your heat-treating need. For tool- 
room application or continuous-line, high produc- 
tion, it’s your assurance of an unbiased answer to 
your all-important problem. Get the facts from 
your Westinghouse representative. Write today for 
new 40-page book, B-5459, “Harnessing Heat.” 
Westinghouse Electric Corporation, Industrial 
Heating Department, Meadville, Pa. 


j-10377 


HEAT-TREATING 
FURNACES 











IF YOUR PRODUCT CALLS FOR 
HEAT-TREATING...1T CALLS FOR 
A WESTINGHOUSE FURNACE 
-»»GAS OR ELECTRIC 
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‘6,000 SAVED 
BY SWITCH T0 
SUN QUENCHING OIL 


For years, a large New England manufacturer 
used a high-priced oil for all quenching operations. 
Two years ago, a Sun representative recommended 
Sun Quenching Oil, a much less costly product. 

After a thorough test, Sun Quenching Oil 
proved itself equal to the expensive oil—better, in 
fact, because less oil was carried off on the parts. 
By using this product for all quenching operations, 
the manufacturer is now saving about $3,000a year. 

Sun Quenching Oils give consistently uniform 
results. They drain off rapidly, keeping dragout 
to a minimum. They have long service life, and 
under normal conditions never have to be replaced. 
Sun Quenching Oils meet the requirements of 95 
percent of all quenching operations. 

An informative booklet ‘Sun Quenching Oils,” 
or the service of a Sun representative is yours 
for the asking. 


v2 aj 6 # 


Tae 


15 PERCENT LESS OIL CONSUMED, because of re- 
duced dragout, since switching from an expensive com- 
pounded product to Sun Quenching Oil. Here parts are 
quenched in the oil after coming from a hardening furnace. 





BIG ANNUAL SAVINGS. The much lower cost of Sun 
Quenching Oil, plus the elimination of excessive dragout, 
has saved this company more than $3,000 a year. Here 
parts from a salt pot are quenched in the Sun product. 


Rat 


UNIFORM PERFORMANCE. Sun Quenching Oil has 
produced uniform results in this plant for more than two 
years. These small parts get a bright quench after they 
leave the miniature shaker hearth. 


SUN INDUSTRIAL PRODUCTS 


SUN OIL COMPANY, PHILADELPHIA 3, PA. - SUN OIL COMPANY, LTD., TORONTO AND MONTREAL 





Engineering Digest 


OF NEW 


PRODUCTS 








FURNACE INSULATION: A _ new 
man-made fiber trademarked Fiber- 
frax, announced by the Carborundum 
Co., has high heat resistance, light 
weight, and low heat transmission 
which make it competitive for indus- 
trial furnace insulation. Its attendant 
properties make it desirable for use in 
the aviation, electrical, papermaking, 
and chemical fields also. Fiberfrax fiber 


THERMAL CONDUCTIVITY 
“FIBERFRAX’ REFRACTORY FIBER 
@éman csr 


BTU/w&, 06% and “E/in of Bicknee 
$RRES &. 


MEAN TEMPERATURE “F. 


is made by melting aluminum oxide 
and sand in an electric furnace, then 
subjecting a stream of the molten 
lavalike material to a controlled blast 
of air. The molten material is blown 
into a fluffy mass made up of random 
arrangements of extremely fine fibers. 
The fibers range up to 3 in. in length 
and have an average thickness of 
about 1/25 that of a human hair. The 
fiber easily withstands 2300° F. with- 
out loss of properties and does not 
soften at temperatures approaching 
3000” F. 
vitreous ceramic, rather than crystal- 
line. Insulation tests show that 
Fiberfrax fiber, as compared to high- 


Basically the product is a 


quality refractory insulating brick, 
can make 
weight and furnace efficiency. The 
savings are significant enough to 
make the material directly competi- 
tive even at the pilot-plant price of 
$1.00 a pound. Compared to high- 
quality cemented refractory insulating 
brick, tests show that 30°. less elec- 


impressive savings in 


trical power is required to maintain 
furnace equilibrium at 2500" F.; time 
required to bring the furnace up to 
temperature is cut in half. 

For further information circle No. 620 
on literature request card on p. 32B 


ROLLING THIN STRIP: Custom 
rolling of most ferrous and nonfer- 
rous ultra-thin, high-precision metal 
strip is now available to industry 
Facilities 
include 4-high and Sendzimir cluster 


from American Silver Co. 


rolling mills, close-tolerance slitting 
and shearing lines, and continuous 
atmosphere annealing furnaces. Strip 
can be supplied in widths up to 8 in. 
and thicknesses down to 0.0005 in. 
Generally, gage tolerances of plus-or- 
minus 0.0002 in. are held on thick- 
nesses from 0.010 to 0.006 in.; toler- 
ances of plus-or-minus 0.0001 in. are 
held on thicknesses below 0.006 in. 

For further information circle No. 6?! 
on literature request card on p. 32B. 


HEAT RESISTANT PAINT: A new 
gold-colored heat resistant paint has 
been announced by Speco, Inc. Made 
of copper flakes in a silicone base, the 
new paint will withstand temperatures 
up to 1700° F., according to the man- 
ufacturer, and will air-dry in 30 min. 
Because of its high copper content, 
the coating prevents rust and is re- 
sistant to corrosion from mild acids, 
alkalies and industrial fumes. It is 
recommended for ovens, exhaust man- 


ifolds, heat lines, compressors, engine 
heads, and high-pressure boilers. 

For further information circle No. 623 
on literature request card on p. 32B. 


HEAT TREATING FURNACE: The 
Cooley Electric Mfg. Corp. has an- 
nounced a new addition to its line 
of heat treating furnaces and ovens. 
The new VK-7 bench model has 





ELECTRO-ANALYZER: The new 
Fisher electro-analyzer; makes it pos- 
sible to run separate or duplicate 
same time. The 
electro-analyzer offers 10 volts at 10 
amp., and a-c. ripple, a serious short- 
coming in earlier instruments, is held 
to less than 2%. As the rate of 
deposition is greatly altered by the 


analyses at the 


SEAS Rk 


“mpsgsees 





temperature of the sample, close tem- 
perature control is provided by a 
200-watt thermostated heater. A stir- 
ring motor is located at each sample 
station. A wide variety of accessories 
are available for specific laboratory 
needs. 

For further information circle No. 622 
on literature request card on p. 32B. 
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chamber dimensions of 10 by 6 by 
18 in. Heating elements of 6.5-kw. 
capacity at 220-v. 


single phase, on 


all four sides of the chamber and 
in the door, provide even heat distri- 
bution. The elements are of embed- 
which protects the ele- 
ment wire against atmospheric attacks 
and mechanical breakage. Elements 
can be renewed without dismantling 
the furnace. 

For further information circle No. 624 
on literature request card on p. 32B. 


ded design, 


TOOL STEEL: The Steel and Tube 


Div. of Timken Roller Bearing Co. 


has announced Hollow- 
Bar, a turned and bored bar section 
using for the basic material Graph- 
Mo tool steel. It will have all the 
advantages of graphitic tool steel plus 
the convenience of the 


Graph-Mo 


hollow bar 
section in manufacturing ring gages, 
dies and other annular tool steel 
parts. Stock sizes range from 4 to 
16 in. o.d. with a variety of wall 
thicknesses. 

For further information circle No. 625 
on literature request card on p. 32B. 


INSULATING POWDER: The uncer- 
tainty of. the current aluminum sup- 











‘No Cleaning Problems 








with PARK-KASE 5-€ 


WATER SOLUBLE 
LIQUID CARBURIZER 








- 





7 Xe 


Automotive door parts. Corburized up to 40 
min. in PK.5C at 1500° F. oil-quenched. Case 
depths .008” to .012”. All parts cadmium 
plated after casing in free-cleaning PK- 


Screw nut SAE 1118 oil quenched from PK-5C 
ot 1550° F. 2 hours .020° case depth 

Jack screw SAE 1027. In PK-5C for 20 min 
roller quenched in oil. Pieces washed and 
plated 


~ «> 


Pinking sheor blades 014" cose in 1 hour at 
1600° F. in PK-5C. Oil quench, 


SEND TODAY FOR: 


NEW svitrrn 


HEAT TREAT SUPER- 

visors tell us that 

Park-Kase 5-C gives 

them absolutely 

trouble-free salt bath 

liquid carburizing; cuts 

time all around; re- 

quires no skilled help, yet assures ac- 
curate control. 

EVEN THE MOST INTRICATE PARTS can 
be quickly cleaned from water-soluble 
Park-Kase 5-C, emerge with a gleaming, 
silvery finish, suitable for plating or 
not, as required. 

FAST, REPRODUCIBLE CASES can be 
easily held to close limits for accurate, 
dependable work at temperatures up to 
1750 degrees. 

NON-HYGROSCOPIC PARK-KASE 5-C 
won't corrode metal pots, fixtures or 
finished work; won't precipitate sludge; 
won't foam during operation or while 
additions are being made. A carbon 
cover forms to protect men from ex- 
cessive heat and fumes. 

An extremely fluid bath, Park-Kase 5-C 
requires a light-weight original charge 
and maintains efficient carburizing ac- 
tivity by the replenishment of normal 
dragout. Park-Kase 5-E Energizer is 
added where conditions of unusually 
low replenishment are present. 


/CHEMICAL COMPANY 
/ 8074 MILITARY AVE. 
DETROIT 4, MICH. 


Completely describes use and operation 
of water soluble liquid carburizing baths. 
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ply makes it more 
ever that this metal be 


important than 
protected 
from contamination by iron in melt- 
ing, alloying, and casting operations. 
A number of substances are used to 
form slurry coatings which will mini- 
mize such ferrous pick-up and at the 
same time protect valuable foundry 
Among these is Insulat- 
ing Powder R-20, a product of Alu- 
minum Ore Co. The R-20 coatings 
are applied to molds, ladles, melting 


equipment. 


pots, pouring troughs, tools used for 
mixing, alloying and cleaning, and to 
any other ferrous metal equipment 
which comes into contact with molten 
aluminum. 

For further information circle No. 626 
on literature request card on p. 32B. 


DEGREASER: The Curran Ordnance 
Chemical Laboratory has developed a 
high-performance degreasing solvent, 
especially formulated for use in re 
circulation solvent degreasing ma 
chines employing a flow of solvents 
over the parts while they are being 
brushed. High cutting action and 
quick, clean evaporation assure good 
performance. According to the com- 
pany, the product is noncorrosive and 
harmless to all makes and types of 
solvent recirculation machines. 

For further information circle No. 627 
on literature request card on p. 32B. 


BRAZING ALLOY: Handy & Hai 
man has announced the development 
of a new metal joining composition 
known as “EB” 
It is intended primarily for use it 


silver brazing alloy. 
brazing chromium carbide, cast cat 
bides and other “hard-to-wet” car 
bides. Effective 


been obtained on tungster copper al 


results have also 
loy, cermets and other refractory 
alloys difficult to braze. The new 
alloy is 577 silver plus copper, man 
ganese and tin. It has a solidus of 
1120" F. and a flow point of 1345" F 
There are no volatile elements in this 





alloy, an important factor in vacuum 
applications, and it is not susceptible 
to the dezincification type of corrosion. 
For further information circle No. 623 
on literature request card on p. 32B. 


INFRARED HEATERS: Precision 
plaster molds, used for aluminum 
casting, can be dried evenly and pre- 
cisely with far-infrared electric heat. 
In one application the first 8 ft. of a 
12 ft. oven are heated by 36 Wiegand 


Chromalox radiant heaters with a 
total capacity of 39.6 kw. The longer 
far-infrared wave length is absorbed 
efficiently even by white materials, 
with negligible reflection, and rapid 
heating results in short conveye1 
travel. 

For further information circle No. 629 
on literature request card on p. 32B. 


TUMBLERS FOR SMALL PARTS: 
Tumb-L-Matic, Inc., announces a new 
tumbling barrel having  indivicual 
“pockets” for tumbling from two to 
six items at a time The tumbler, 
recommended for deburring, precision 
finishing and polishing small parts, 
comprises a rotating container into 
which the pockets fit. By having an 
extra supply of pockets, loading and 


unloading can be accomplished while 
other pockets are being tumbled and 
a nearly continuous batch operation 
can be achieved. Tumblers are avail- 
able with frames for handling from 2 
to 6 pockets. Pockets range from 12 
to 16 in. in diameter. The outer box 
container holds water during tum- 
bling. Also available is the self- 
contained type which can be adapted 


Strange as it may seem, this is about the way a plate of ordinary steel 
would look upon impact... at 452 degrees below zero Fahrenheit. 
Tough, strong, rugged steel becomes brittle and shatters upon impact at 
liquid helium temperature. 


Metals in this temperature range reveal other phenomena: rere 
electrical resistance, extraordinary hardness, etc. 


YOGENICS 


is the study of phenomena at extreme low temperature. 


At normal temperatures matter is in ceaseless thermal 
motion ... molecules in random movement. Only when im- 
mersed in liquid helium at 452 degrees below zero does 
matter lose most of its thermal energy... then, matter ex- 
hibits curious and fascinating properties. 

There are superconductors of electricity, screens against 
magnetism, new forms of wave motion, and in the case of 
helium, a “fourth state of matter” which cannot be strictly 
defined as either a liquid, a solid, or a gas. 

Through Cryogenics, it is possible to gain a better under- 
standing of metals, crystals, liquids, and gases . . . of electri- 
cal resistance and induction ... of electrical conductors, 
semiconductors, and superconductors. 

Your request for information about Cryogenic research will 
keep your Engineering and Research personnel informed about 
techniques and developments in this new science area. 


*Cryo — Greek kryos meaning icy cold 
Genics — Greek genes meaning producing 





anical, Division 


‘a a” «ARTHUR D. LITTLE, Inc. 





The ADL Collins Helium Cryostat is the 
basic tool in Cryogenic research. it 
liquefies helium and maintains a test 
chamber from normal room tempera- 
ture to within 2 degrees of Absolute Zero. 


Write for Bulletin MC-1 


ia 





MECHANICAL DiviSsSton 
30 MEMORIAL DRIVE, CAMBRIDGE 42, MASS. 
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MONARCH 
VELVAGLAZED 

DIE CASTINGS 
USED ON THE 
GENERAL ELECTRIC 
CANNISTER CLEANER 


Crite- Finishing Coete.... 


AND IMPROVES PRODUCT QUALITY 


Velvaglaze is now used by leading manufacturers to 
obtain a more durable, brighter surface finish that improves 
product sales appeal. Velvaglaze resists scratching and 


marring experienced on normal cast aluminum surfaces 


Velvaglaze is available exclusively on Monarch aluminum 
Permanent Mold castings and aluminum Die Castings 
Investigate the substantial savings you can obtain over 
other comparable fine finishing methods using Monarch 


Velvaglaze castings 


WRITE TODAY FOR 
FREE BROCHURE 


Here's How You Can Cut 
Die Casting Finishing Costs 


Detroit Ave. at W. 93rd St., Cleveland 2, Ohio 
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for either wet or dry operation. This 
type does not have the outer box- 
container but water can be added to 
the individual pockets when desired. 
For further information circle No. 630 
on literature request card on p. 32B. 


TEMPERATURE CONTROLLER: 
For accurately controlling tempera- 
tures from minus 100° F. to plus 600 
F., Thermo Electric Co., Inc., is intro- 
ducing their newly designed Thermo 
Electronic temperature controllers 
using resistance-bulb-sensitive ele- 
ments. The instrument has a relay 
with load contacts for operating heat- 
ing elements, motor starters, electric 
valves, and signal contacts for the 
two red and green lights on the in- 
strument door. When the temperature 
at the resistance bulb deviates as 


little as 0.1° F. from the control point 
setting, the instrument takes imme- 
diate corrective action. The control 
action is continuous. 

For further information circle No. 631 
on literature request card on p. 32B. 


INERT ARC WELDING: §Spekalu- 
minite Co. has announced Weldalu- 
minite, for extending the application 
of inert arc welding to rimmed steel. 
Weldaluminite contains aluminum 
which deoxidizes the weld pool and 
is so formulated that it retains the 
aluminum at the point of welding. 
The agent is either sprayed or 
brushed on the joint to be welded 
and allowed to dry before welding is 
begun. 

For further information circle No. 632 
on literature request card on p. 32B. 


BELT GRINDING: A new concept 
of portable grinding is the result of 
an attachment which permits the use 
of abrasive belts on straight-spindle 
air and electric portable tools. An- 
nounced jointly by the Carborundum 
Co. and Buckeye Tool Corp., the new 








Frets you should know about 


igs CARILLOY STEER 





In lift-type cultivators U-S-S Carilloy steels 
~ Save weight, increase durability, and keep down costs 


® To pack maximum strength into 
their heavy-duty lift-type cultivators, 
while keeping weight as low as possible, 
Pittsburgh Forgings Company uses 
U-‘S’S CaRILLoy steels in the shanks, 
beams, and main frames of these rugged 
farm implements 

The excellent performance of this 
equipment is proof that many parts 
that must operate in extremely tough 
service can be made of alloy steels that 
do not contain critical elements. The 
three grades of U’S°S CariLLoy used 
in this application—CariLLoy 5130, 
5135, and 5140—were selected years 
ago for the express purpose of providing 
minimum weight, maximum strength 
and durability, at the lowest possible 
cost. 

CARILLOY steel construction provides 
the strength and toughness required to 
cultivate heavy soil at speeds up to 6 
miles per hour, and has made it possible 400 Ibs. to provide minimum weight, and 
to reduce cultivator weight to only 400 
lbs. This is about half that of compar- 
able units made of ordinary carbon the tractor lifting mechanism isdesigned 
steel, and well below the limit which to carry. 

In this equipment, U-S’S CariLLoy 


Excess metal left after forging is removed in this trim alloy steel not only provides increased 

— then yonpee pe strength, greater durability, and added 
must y other parts . 

accurately milled. resistance to wear. By making it pos- 


sible to safely decrease the size and 
weight of all heavily stressed parts, it 
reduces the amount of steel required, 
and enables the manufacturer to keep 
his costs well in line with competition. 


. U‘S’S Metallurgists who have had 
ae »4 wide experience with similar applica- 
bs { tions of alloy steels, will be glad to 
fie : ? assist you in selecting the steel best 
ye  . 1S ’ suited to your product. They can also 
™), Pee 4 recommend the best heat treating meth- 
fal >| ods to use. If you need their help just 
i i call the nearest District Sales Office, or 
5  — ~ write to United States Steel, 525 Wil- 

oe liam Penn Place, Pittsburgh 30, Pa. 
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"We get a better job because 
— days CMbam Jounderns 4.8. stEE1. 


@ Bill Saunders is a Manipulator Operator at our Homestead District Works Forge 
Department. He has the keen eye that comes from 9 years 


is a Crane Operator 
plus 16 years as a Manipulator Operator 


the last 5 years with the same crew of men 


In case you’ve never watched a manipulator, it straddles the pit in front of 


i 
forging press; its powerful jaws clutch a 40 or 50 ton ingot when rotating and posi 
tioning it between the press dies. But the only way to understand why the manipu 


lator man is so important is to actually talk to him. If you had a chance to talk to 
Bill Saunders, here’s the way the conversation might go 


you: “What's that piece you're forging now?” 


SAG@NDERS: “It’s a vertical column for a drop 
halimer. When we finish forging, it'll be cut 
in half to make two columns. This is an easy 


forging job.” 


YOU “‘An easy one’? Then what makes a tough 
one?” 
SAUNDERS: “Rectangular blocks, for instance 
They're hard to manipulate because we don’t 
hav@ any excess metal for the jaws to grab 
I e to operate the jaws so they'll hold the 
tight, but not so tight that the piece is 
med. The blocks are usually short, and 
themanipulator has to work close to the 
press, so I have to be sure the jaws don't get 
ght in the press.”’ 


Y “Who actually runs the whole operation?” 


SAUNDERS: “The Pressman—that's the fellow 
down by the press We've been working to 
gether for over 5 years, and I can almost tell 
in a@vance just how he wants the piece posi- 
tionéd. That's one reason why we work so 
fast.” 


you: “Doesn't working fast lower the quality 
of the job?” 

SA ers: ““No—it gives better quality. You 
se8, If you fumble around with a piece too 
long, it'll cool off. That’s not a big problem 
with ordinary carbon steel, but we'd ruin a 
high alloy or stainless ingot if we worked it 
too long. You can only work some of those 
stainless ingots about 5 minutes, then they 
have to go back to the furnace. We've got to 
work fast.” 


you: “‘How about those big sleeves you make 
how are they forged?” 

SAUNDERS: “First we take a 48 to 55 inch ingot 
and upset it into sort of a pumpkin or disc 


shape. Then we have big punches—they’re 
just pieces of shafting—and we drive the 
punches down through the disc and make a 
hole in it.” 


you: “You do all this on the forging press 
SAUNDERS: “Sure, we have to. After the hole 
is punched we insert a mandrel —a long shaft 
Then this mandrel, with the forging hanging 
on it, is placed in the press opening and sup- 
ported on V-blocks. Just think of an oversize 
pipe coupling slid over a piece of small rod 
The upper press die comes down and works 
the top of the forging. The piece gets longer 
and the hole gets bigger while we work it 
You: “‘Where does the manipulator come in 
SAUNDERS: “‘It does all the positioning for 
these operations. And then when we start 
forging, | rotate the mandrel and turn the 
piece so we can work it evenly.” 


you: “J can see it’s no easy job.”’ 


SAUNDERS: “I’m just a small part of it. The 
Pressman, the men that operate the cranes 
and drive the press and the helpers—they’'re 
all important. Every man on the crew is an 
expert at his job, that’s why we can work so 
fast. The customer gets a better product and 
he gets good delivery, too.” 


There’s no such thing as a forging “‘produc 
tion line.”’ The quality of a forging is de 
pendent almost solely on the individual skills 
of the men who actually make the forging 
When you buy U-S’S Quality Forgings, able 
men like Bill Saunders work on them. With 
these men on the job, you can be sure of 
quality forgings—second to none. Please send 
inquiries to United States Steel Company, 


55 


5 William Penn Place, Pittsburgh 30, Pa 


Quality 





we forge fast” 


MANIPULATOR OPERATOR 
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Non-critical Carilloy steel saves $40 a ton 
in gears of heavy-duty rotary pumps 


@ Commercial Shearing & Stamping 
Company, of Youngstown, Ohio, is now 
using a non-critical grade of US'S 
CARILLOY steel in the precision gears of 
their heavy-duty gear-type hydraulic 
pumps. Commercial Shearing finds that 
the gears made from the new grade 
more than meet the rugged perform- 
ance requirements of hydraulic service; 
and, in addition, the new grade costs 
$40 a ton less than the more critical 
alloy steel previously used. 


Pumps operate at 
psi and 2,000 rpm 


These gear pumps operate at pressures 
as high as 1,500 psi and speeds up to 
2,000 rpm; gear wear of only 0.005 inch 
causes a substantial drop in efficiency, 
indicating that a tough, wear-resistant 
steel is needed to assure good, reliable 
performance. The steel normally used 
was rich in critical elements. Because 


gears of these rotary pumps made by Commercial 

Stamping Company, CARILLOY steel provides ex- 

tough, wear resistant gears that more than meet the 
requirements of high-speed service. 


of availability, it became necessary to 
consider a grade containing less critical 
elements. 

U-‘S’S Service Metallurgists were 
called in to recommend a suitable alter- 
nate steel. For this specific case, their 
advice was to use U-S-S CariL.Loy 5120, 
an available straight-chrome alloy steel 
for the gears. It worked fine. 


Easier machining 
and heat treating 


Commenting on the performance of this 
steel, Mr. T. C. Kane, Chief Engineer 
at Commercial Shearing & Stamping 
Company, says, ““We are frankly sur- 
prised at the excellent results we are 
getting with this new grade. Not only 
do the gears meet all our high perform- 
ance standards, but we find this steel 
easier to machine and heat treat, and 
we pay a lower grade extra on it. All 
told, the new grade saves us $40 on 
every ton of steel we buy.” 


U-S:S metallurgical 
assistance available 


on any steel problem 


Like Commercial Shearing & Stamping 
Company, thousands of manufacturers 
have benefited from the expert techni- 
cal assistance of U-S’S Metallurgists. 
With wide experience in every phase of 
steel making and fabricating, they can 
help you to select the best steels for 
your products or to adapt your metal- 
lurgical techniques to obtain maximum 
performance from the steels you are 
now using. To obtain their help just 
call the nearest U-S’S District Sales 
Office or write to United States Steel, 
525 William Penn Place, Pittsburgh 30, 
Pennsylvania. 
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This is the hobbing operation, the first step in machining 
these gears from bar stock. 


The gears are finish machined to very close tolerances on 
precision grinders like this one. By changing from composi- 
tions containing critical alloying elements to those which 
are readily available, heat treating can be simplified, and, 
most important, costs can be reduced. 


UNITED STATES STEEL COMPANY, PITTSBURGH - COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. - UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
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UNITED STATES STEEL EAPORT COMPARY, EW YORK 
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= NOW 

* STAINLESS 
STEEL STRIP 


--- rolled to precision tolerances 





or ultra-thin gauges 


WE CAN MEET your requirements for one 
pound—or for thousands. And... our 
working inventories of certain of the 300 and 
400 series give you fast deliveries, too. 


WE REGULARLY CUSTOM-ROLL stain- 
less steel strip up to 8.5" wide and down to 
.0005" thin—tolerances as close as: .0001". 


WE'RE SPECIALISTS in cold-rolling a wide 
voriety of metals—to your specifications . . . 
in any quantity. It's everyday work for us 
to roll strip to exacting specifications—the 
“tough ones’ that commercial mills ordinarily 
refuse to produce. 


We also custom-roll Beryllium Copper * Invar 
* Phosphor Bronze * Copper * Brass ~ Nickel- 
Silver * Stainless Steels + Nickel » Monel ° 
Haynes Stellite Alloys ~ Magnetic Alloys . . . 
Chrome Iron Alloys... and many others. 


WE CARRY a working inventory of some 
metals... and also re-roll your metals on a 
toll basis. Our up-to-the-minute equipment 
includes precision 2-High, 4-High, and Send- 
zimir rolling mills . . . precision gang slitters 
...and continuous atmosphere annealers. 


OUR ENGINEERING DEPARTMENT will 
be happy to assist you with your custom- 
rolling problems. Just write or call—and ask 
for our catalog. 


AMERICAN SILVER COMPANY, Inc. 


INDUSTRIAL DIVISION 


36-07 PRINCE STREET, FLUSHING 54, WN. Y. 


APPLYING 
SciENCE TO 
CRAFTSMANSHIP 





belt grinding attachment is made 
from lightweight aluminum castings, 
consists of an idler pulley, the sup- 
porting mechanism, and a_ contact 
wheel; the latter is mounted on the 


tool spindle. Used in die and mold 
grinding, the attachment proves it- 
self a real time saver. In weld 
grinding, only excess weld metal is 
removed, and metal areas around the 
weld are not ground. 

For further information circle No. 633 
on literature request card on p. 32B. 


SUBZERO THERMOMETER: Model 
NR, a subzero recording thermometer 
made by the Dickson Co., provides a 
continuous time-temperature record 
on a 12-in. chart. The instrument is 
connected to the cold chamber by a 
stainless steel armored tube. Pen is 
motivated by a spiral Bourdon tube. 


The “bulb”, a brass tube % in. in di- 
ameter and 11 in. long, is the only 
part of the instrument that needs to 
be in the cold chamber. The instru- 
ment is available in several scale 
ranges with extremes from —200° to 
+200° F. 

For further information circle No. 634 
on literature request card on p. 32B 


SURFACE COMPARATOR: A port- 
able electronic surface comparator to 
determine surface roughness at the 








Headquarters for 


Steel Tubing and Bars 


Largest 
Stocks 
in 

the 
Country 


of this versatile steel. 52100 is 
hard, tough and long-wearing, yet 
it's easy to machine and is right 
for bearings, sleeves, pins, collars 


and many other machine parts. 


Over 200 seamless tube sizes to 
choose from .898” O.D. to 8.250” 
O.D. Bar sizes from .171" round 
to 7.5” round. Also ring forgings 


in any analysis. 


Write for our 
Latest Stock List Now 


New Headquarters of 
Peterson Steels, Inc., 
Union, New Jersey 
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PETERSON STEELS, INC. 
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SHAFT SIZE 
from 12 to 1 


BY USING HIGH-STRENGTH The UNI-HARVESTOR is really 


different. It harvests grains, beans, and 
all seeds—it picks and husks corn, 


GROUND AND POLISHED ; wnt polished STRESSPROOF le spect 


fied for the cylinder shaft. 


INSTEAD OF 


C1045 





®@ In designing this Cylinder Shaft, Minneapolis-Moline engineers specified Ground and 
Polished STRESSPROOF to meet the increasingly severe operating conditions to which 
this equipment is subjected. The alternative would have been lower strength shafting with 
an increase in size. The larger shaft would have been 44% heavier, and bearings and 
gears would have had to be redesigned. Ground and Polished STRESSPROOF proved to 
be stronger, had better fatigue properties, and machined better. It eliminated heat-treat- 


ing and straightening operations, and the size accuracy provided a correct bearing mounting. 
STRESSPROOF makes a better part at lower cost. 


STRESSPROOF is a severely cold-worked, furnace-treated, 
carbon steel bar with a unique combination of four qualities SEND FOR... 
in the bar: (1) Strength, (2) Wearability, (3) Machinability, Free Engineering Bulletin 
“New Economies in the Use 


and (4) Minimum Warpage. Yet it costs less than other 
of Steel Bars” 


quality cold-finished steel bars. Available in cold-drawn or 
ground and polished finish. 
eeeeeeeeeeeeeeeeeeeeeeeeee 


la Salle Stee! Co. 
1424 150th Street 
Hammond, Indiana 


Please send me your STRESSPROOF Bulletin. 
OG erences enenseeeenenecee ‘a 
Se STEEL CO. 


Title__ = 
... the Most Complete Line of 
Carbon and Alloy Cold-Finished 
and Ground and Polished Bars in America. Address ____ 
City. Zone.__State 


Company—___ 
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point of production has been an- 
nounced by Kota-Meters, Inc. The 
instrument, having a roughness range 
of 1 to 100 micro-in., evaluates the 
quality of a surface finish, and the 
index is indicated on a meter with 
the needle at an arrested or “frozen” 


MEASURE RADIAL EXPANSION 
The “stretch” of mete! caused by cen 


w @ S$278NSVIW OSTV 


trifugal force as it revolves at extremely 
high speed 


measure and record 


METAL “STRETCH” or “SHRINKAGE” 
down to .0001 inch! 


EPL Dynamic Micrometer easily measures dis- 
placement, vibration or movement of any metal 
body without contact. Sensing unit is calli- 
position. No visual or mental aver- brated for dire r reading and measures object 
aging is required. The probe of the without physical loading”. Measurements are 
instrument is hand-held and its shape : mone at any speed and are independent of 
and design permit universal use on acceleration or frequency of displacement. 
radial, longitudinal, internal and ex- 
ternal surface shapes 

For further information circle No. 635 
on literature request card on p. 32B. 


ABRASION TESTER: Taber Instru- . ELECTRO PRODUCTS LABORATORIES 


4501-MPd Ravenswood Ave., Chicago 40, Ill. 
In Canada: Atlas Radio Corp. Lid., Toronto 


joan @ s6un d 


u 


Sales Engineers / t Send Card for 
in Principal Cities ec TO Bulletin DM 1250 


>y2Ke@ joey U 


ment Corp. has announced a new 
abrasion testing machine for rating 
the wear resistance of protective fin- 
ishes such as black oxidized or elec- 


troplated coatings, extruded plastic Speed Production... Save Money with 


and enamel applied to aircraft, ord- 
co 
GY " 
“ \ 
We wae hod we 


(INDUSTRIAL FREEZERS 


Webber Industria! Freezers can Cut your operoting costs, Improve 
sove you time and money on the Quolity ond Production, Save Valu- 
following operations: able Tools, and Improve Testing 
@ In the Shrink Fit of Metals for Methods with Webber Industrial 
Production and Assembly Freezers 
© For Stabilization of Metals for 36 Standard Models... 
Tool and Fixture Monufacturers or Built to Your Specifications 
*For Metol Hordening—For ... at No Additional Cost. 
greater tool life and accuracy A Freezer for Every Need 
other cylindrical parts or test pieces. © For Storage and Testing of Mo- = REPRESENTATIVES IN MOST CITIES 
The illustration shows a 34-in. rifle terials at Extremely Low Tem- 
peratures 
© For Chemical Curing, Ageing 
ond Processing 








nance and metal furniture tubing and 


barrel being tested to determine the 
amount of wear the metal part will 
withstand before the blue oxide finish @ Eliminates Dry Ice Applications 

is worn thin, resulting in corrosion and Overhead 

of the part. The test is performed © Amortizes itself in less thon one 

year 

@ Performs Low Temperature Serv- 

ices with Greater Dependability 

face in contact with the abrading ond Accuracy to Temperatures Patents 
head. The resulting wear is com- as Low as —165° below zero. Pending 


by placing the gun barrel between 
two driving centers with the test sur- 


parable to a gun being handled under Write for More Complete information 








field service conditions. NE TRIAL FREEZER y N 


For further information circle No. 636 WEBBER APPLIANCE CO., INC. 


on literature request card on p. 32B. 
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IN MANUFACTURERS’ LITERATURE 


637. Abrasive Unit 

Bulletin 5205 on small dry-abrasive 
airblast unit for cutting hard materials 
and precision finishing. S. S. White 
638. Alloy Steel 

40-page book on heat treated alloy 
steel plate for maximum abrasion and 
impact resistance. Details on uses: 12 
pp. of technical data. Jones & Laughlin 
639. Alloy Steel 

Data book on the selection of the 
proper alloy steel grades for each man- 
ufacturer’s needs. Wheelock, Lovejoy 
640. Alloy Steels 

17-page booklet, “Alloy Steels and 
How to Get the Most Out of Them”, 
contains seven case histories selected 
from widely varied fields. Republic Steel 
641. Aluminum Alloys 

36-page book on analysis of alumi- 
num, brass, bronze alloy specifications. 
Sonken-Galamba Corp 
642. Aluminum Bronze 

Bulletin PI-3 gives complete infor- 
mation on aluminum bronze as applied 
in corrosion-resistant service. lly 
illustrated. Ampco Metal, Inc. 


643. Aluminum Castings 
Brochure “How To Cut Die-Casting 

Finishing Costs” deals with aluminum 

castings. Monarch Aluminum 


644. Aluminum Fasteners 

8-page illustrated booklet on all types 
of aluminum fasteners. Also accessories 
and screw machine products. Alcoa 
645. Ammonia Dissociators 

Bulletin on dissociating process gives 
advantages of ammonia as controlled 
atmosphere. Sargeant & Wilbur 
646. Analysis 

Bulletin 130-I on methods for electro- 
analysis. Bibliography. Eberbach Corp 
647. Annealing 

Booklet on burner for annealing and 
other uses where flame impingement is 
not permissible. Bloom Engineering 


648. Annealing and Desanding 
Article on furnace installation for 
simultaneous annealing, desanding and 
descaling of castings. Sunbeam 
649. Annealing Furnaces 
8-page illustrated booklet on contin- 
uous annealing furnaces. Schematic 
diagrams, photographs, and actual pro- 
duction data. Drever Co. 
650. Atmosphere Furnace 
Illustrated bulletin describes new 
controlled atmosphere furnace. Indus- 
trial Heating Equipment Co 
651. Atmosphere Furnaces 
Information on mechanized batch- 
type atmosphere furnaces for gas cy- 
aniding, gas carburizing, clean harden- 
ing or carbon restoration. Dow Furnace 


652. Atmosphere Furnaces 
Reprint on bright annealing of copper 
in atmosphere furnace. Holcroft 
653. Austempering 
Article on modified austempering of 
cylinder liners at Jacobs Aircraft Co., 
from “Tips and Trends”. Ajaz Electric 
654. Automatic Rockwell 
Bulletin on high-speed automatic 
Rockwell hardness tester for quantity 
production. After testing, pieces are 


automatically sorted into good, too soft, 
too hard. Testing Equipment Co. 


655. Automotive Forgings 
Folder shows 31 forged parts for auto 
industry. Pittsburgh Forgings 
656. Bearing Failures 
12-page bulletin 146 outlines basic 
steps for prevention of common bab- 
bitted bearing failures—choice of metal, 
pouring practice, in-service mainte- 
nance. Federated Metals Div 


660. Brazing 

24-page bulletin 20 on advantages of 
Easy-Flo silver brazing alloy, with in- 
formation about joint design and fast 
production methods. Handy & Harman 
661. Brazing Alloys 

Booklet explains uses of phos-copper 
and phos-silver extruded alloys for 
torch, furnace and resistance brazing 
of copper, brass and bronze. Also data 
on brazing flux. Westinghouse Electric 


662. Brazing Titanium 
Data sheet on use of a new flux for 
brazing titanium. Handy & Harman 


663. Bright Annealing 

Bulletin on conveyor furnace for 
bright annealing and brazing of stain- 
less steel. Sargeant & Wilbur 
664. Bronze 

12-page technical bulletin on seven 
grades of bearing bronze. Six case his- 
tories. American Crucible Products 








777. High Alloy Castings 


Specific information for the 
users of alloys in high temperature 
and corrosive service is offered 
in “Heat Resistant and Corrosion 
Resistant Alloy Castings in Indus- 
try”.* This new publication relates 
alloy composition and operating 
conditions for almost 200 specific 
applications. Most impor- 
tant is heat treating equip- 
ment with 72 illustrated 
examples (subdivisions: 
carburizing fixtures, con- 
veyers, hearths, rails, roll- 
ers, salt pots, hot gas fans, 
muffles, radiant tubes, and 
16 miscellaneous). More 
than a hundred examples 
cover chemical, petroleum 
and other process applica- 
tions. Jet engine and power 
plant parts are dealt with 
in somewhat less detail. 

The first section of text is 
devoted to heat resistant castings, 
with charts, tables, typical uses and 
recommended temperatures for each 
of the five groups of alloys. Corro- 
sion resistant castings are compared 
in the second section, and, as in the 
first, the constant theme is service- 

*Published by The International 
Nickel Co., Inc. Copies are available at 
no charge to readers of Metal Progress 


who circle No. 777 on the literature 
request card, page 32B. 





ability in specific uses. The rest of 
the book is devoted to the illustrated 
applications, each picture accom- 
panied by a statement on service 
temperature, alloy composition, size 
and an identification of the foundry 
that produced the casting. 
Throughout the book, maximum 
use is made of the standard desig- 
nations of the Alloy Casting 


Institute, and the Foreword urges 
adoption of the ACI terminology 
among users generally. 

Concerned with a product that 
serves industry’s most severe 
requirements, the book achieves a 
good balance of subject matter with- 
out omitting the all-important an- 
swer on which alloy for which 
service. It is difficult to imagine 
an industrial application not shown 
or suggested by the photographs. 





657. Bending 
Presses for bending, forming, blank- 
ing, drawing and multipunching are 


described in catalog 2010. 
Crane & Engineering 


658. Beryllium Copper 

Helpful engineering information con- 
tain in monthly beryllium copper 
technical bulletins. Beryllium Corp. 


659. Black Coating 

Technical bulletin on Parco Black 
finish, having high corrosion resistance 
on steel. Parker Rust Proof 


Cleveland 


665. Bronzes 

Folder gives tables of properties 
(hardness, tensile, fabrication, physical) 
as well as uses and forms and other 
data on phosphor bronzes. Chase Brass 
666. Buffing and Polishing 

Catalog A-50 on fire-head rotary ma- 
chine for automatic polishing and buff- 
ing of parts from ,; to 12 in. diameter 
Hammond Machinery 
667. Burnishing 

20-page bulletin on burnishing mate- 
rials, finishing barrels. Six steel bur- 
nishing shapes explained. Abbott Ball 
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Single Point Electronic 
Strip Chart Recorder - Controller 






























Engifeered simplicity gives operating accuracy and 


mechanical stamina to Capacilog Recorder-Controllers. 


Elimination of mechanical clamping mechanism between 
indic@ting pointer and control unit allows instantaneous 
recording action. Design simplicity confines moving parts 
to a minimum; maintenance is easy, mechanical wear is 
negligible. An added convenience is the plug-in chassis 


for facilitating quick replacement or change-over. 


Capacilog strip chart Recorders are available with 
either high or low temperature measuring systems for 


electrical or pneumatic control. Write for Bulletin C2-2. 


BARBER-COLMAN COMPANY 


A Precision Product of Wheelco 


wheelco instruments division 


ie * 
Capacilog 
STRIP CHART 


recorder 


instantaneous ‘no contact” 


controlling 


re 


The aluminum varie (1) mounted on indicating pointer (2) of 
measuring system is free to pass without contact between 
the oscillator coils (3) mounted on the follow-up arm (4) 
An Alignment index is mounted on this follow-up arm (4) and 
is coupled to scriber mechanism which is operated by drive 
motor (5) through vertical shaft (6) and gear-drive (7 

An imperceptible deviation (.004” to .006”) of indicating 
pointer (2) with respect to coils (3) alters the output of the 
oscillating circuit causing instantaneous rotation of drive motor 
(5) in proper direction to move follow-up arm with index (4) 
to coincide with indicating pointer (2 


and a simultaneous 


movement of pen (8) to record the change in measurement 


When the Alignment Index (4) and indicating pointer (2) are 
in exact coincidence, the output of the oscillating circuit is 
balanced with the supply voltage, and the drive motor (5 


does not rotate 


Control cams (12) rotate with vertical shaft (6) and actuate 


roller type snap action switches (11) which cre manually set 
at the selected control level indicated by control setting 
index (9). When indicating pointer crosses preset control 


level, control action takes place. Cortrol switch base (10) 


will accommodate a maximum of four roller type switches. 


e ROCKFORD, ILLINOIS, U.S. A. 


1225 ROCK STREET 
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668. Camera Microscope 

6-page folder describes universal and 
compact metallograph with built-in 
camera. Wm. J. Hacker 


669. Carbon and Graphite 
20-page catalog on carbon and graph- 
ite applications in metallurgical and 
process fields. National Carbon 
670. Carbon Control 
Catalog T-623 describes the Micro- 
carb control system that continuously 
measures the active carbon in the fur- 
nace atmosphere during heat treatment 
Leeds & Northrup Co 


671. Carburizing Baths 

Bulletin contains charts of relative 
case penetrations at various times and 
temperatures. Also replenishment chart 
for salt baths. A. F. Holden Co 
672. Case Hardening 

Bulletin 159 describes standard rated 


batch furnaces for case hardening 
Surface Combustion 
673. Ceramic Coating 

24-page book on ceramic coating as 
a means of conserving strategic metals 
and extending metal life at high tem- 
peratures. Solar Aircraft 


674. Chromium Plating 

“How to Chromium Plate 20 to 80% 
Faster” describes self-regulating high- 
speed bath. United Chromium 
675. Chromium Stainless 

Steels 

Folder on uses of chromium stainless 
steels; table of analyses and properties 
Lebanon Steel Foundry 
676. Cleaners 

40-page catalog of cleaning and fin- 
ishing chemicals, solutions, and re- 
agents. Globe Chemical 
677. Cleaning 

6-page bulletin includes concentra- 
tions for various metal cleaning appli- 
cations and a handy list of cleaners for 
general industrial use. E. F. Houghton 
678. Cleaning 

Bulletin 6521 on vapor degreaser 
Drawings, specifications. Randall Mfg 


679. Cleaning and Buffing 
24-page booklet describes origin and 

development of various metal cleaners 

and tripoli compositions. Puritan Mfg 


680. Cleaning and Finishing 
16-page brochure on various cleaning 
processes, phosphating, aluminum 
brighteners and rust preventives. Ref- 
erence chart included on six phosphat- 
ing cycles. Turco Products 
681. Cleaning and Finishing 
Catalog A-653 on planning industrial 
finishing systems shows many installa- 


tions of cleaning and pickling machines 
R.C. Mahon Co 


682. Cleaning Equipment 
Vapor degreaser described and dia- 
gramed in folder. Data on different 
models. Topper Equipment 
683. Cleaning Machines 
12-page bulletin on washing and dry- 
ing machines; conveyor, cabinet, drum 
and vertical types. Industrial Systems 
684. Cleaning Zine 
Bulletin on electrocleaner 505 for 
control of blistering and streaking on 
zinc-base die castings. Diversey 
685. Coatings 
Information on Bonderite coating 
which is resistant to corrosion and a 
good paint base. Parker Rust Proof 
686. Coatings, Metal 
High-vacuum evaporation of metals 
set forth in detail in 12-page booklet 
Distillation Products 
687. Cold Heading Brass Wire 
“Cold Heading Extruded Brass and 
Copper Alloy Wire” booklet gives physi- 


cal and fabrication pro 
tions, weights per 1000 
Chase Brass & Copper 


688. Combustion Control 
20-page booklet presents combustion 
charts for various fuels and describes 
portable instrument which measures 
content of oxygen and combustibles 
simultaneously. Cities Service Oil 
689. Combustion Equipment 
Catalog 52 gives condensed pictorial 
review of oil and gas combustion equip- 
ment for production applications. 80 
illustrations. Hauck Mfg 
690. Composite Castings 
16-page brochure illustrates 50 appli- 
cations of casting process for making 
bi-metallic components. Al-Fin Div 
691. Compressors 
12-page data book 107-C gives engi- 
neering information on characteristics 


erties, applica- 
t. and ft. per lb 


of turbo-compressors. 18 types of ap- 
plication described. Spencer Turbine 


692. Controlled Atmospheres 
Bulletin on Dewpointer for reading 
of atmosphere in field and laboratory 
Readily portable, ; erating on A.C. or 
enclosed battery. Jllinois Testing Labs 


693. Controlled Atmospheres 

24-page bulletin describes production 
problems with reference to dry atmos- 
pheres. Pittsburgh Lec trodryer 


694. Copper Alloys 

Article on refining secondary copper 
alloys deals with sequence of removal 
of Al, Mn, Si, P, Fe, Zn, and use of pure 
oxygen instead of air. R. Lavin & Sons 
695. Copper Alloys 

60-page book of technical information 
on copper and copper alloys. Six grades 
of copper and 33 copper alloys are in- 
cluded. Revere Copper and Brass 








OF KALAMAZOO 
“GOOD MACHINERY SINCE 82’ 


for EXPERIENCE 


With the new and better constantly coming into 


the picture and the old going out, these 70 years 


have not been long 


Model K-46-6 Super 5 Head Reotery 
Automatic. (One of o line of Rotary 
wrad-Line, and Jr Automatics) 


welll FOR CATALOG ASO 


Medel VRO “DIAL CONTROLLED” 
Venable Speed Polishing Lathe with 
Model 3A law-tensoned) Bockstonds 


white FOR Catal ae 


Even so, they have piled up a big bank of experi- ———— 


ence to which we add and draw from each day. 


We are grateful for the confidence of tens of 


thousands of HAMMOND users. For 


them and for all, through ever broadening 
research, engineering, and production, we propose 
to insure another 70 active and eventful years 


1613 DOUGLAS AVENUE 


MODEL RRO Single Speed— Two Spin- 

die — Two Motor Poliching ond oun 

ing Lethe Each s . drive 
800 to 4 Pm 





wert fO® ¢ 


KALAMAZOO, MICHIGAN 
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Sure Spec Drill Rod 


Finest Quality in 


Sure Spec Drill Rod ROUNDS 


, ; from .013 to 2’ 
is high grade 





tool steel... comes 


SQUARES 


in manufacturer's tats Se te 4 





standard sizes 


at low prices ! FLATS 


from is" x Ya" to Yo" x 1” 





See! this easy purchase plan... WRITE TODAY to our nearest office 


One of these safe, sturdy steel compartments, designed to protect shown below for a —e 
your drill rod, is yours on this easy plan: data book cag 3 vo ge = 
1. You may get the cabinet or the floor rack free with an about Sure Spec dri ~ , such as 
initial order of $150 of Sure Spec drill rod. sizes, analysis, uses an a 
2. Or you may get a $24.95 credit for the cabinet or a $15 Also, at you ep Ap o our 
credit for the floor rack if your initial purchase of $150 sales engineers will call to discuss 
worth of Sure Spec Drill rod is within a 90-day period. your particular drill rod require- 

Send your order for plan 1 or 2 today ments and quote prices. 











With these safe, sturdy compart- 
ments to store and protect it! 


Cabinet is all steel. Painted orange and 
black. Stocks 3-foot lengths. Has 20 
separate bins. 


= 


Floor rack is all steel with composite floor 


mat to protect ends. Painted orange and 








black. 20 separate compartments. Stocks 


we 


3 foot and longer lengths. 


“for service dependable as the sun” 


©. SOLAR STEEL CORPORATION 


sPeEc Genero! Offices: UNION COMMERCE BUILDING, CLEVELAND, ONIO 


See your local classified telephone directory for our nearest office address 


SALES OFFICES: Chicago « Cincinnati « Cleveland «+ Detroit « Grand Rapids « Kalamazoo «+ la Porte, Ind. « Milwaukee « Noshsitie 


New Haven « Philadelphia « River Rouge, Mich. « Rochester, N.Y. «© Toledo « Union, N. J. «© Washington, D.C. « Worcester, Mass. 
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696. Corrosion of Copper 
24-page booklet B-36 discusses corro- 
sive attack on copper and copper alloys 
Tabulation of their relative corrosion 
resistance. American Brass Co 


697. Corrosion-Proof Cement 

Bulletin gives corrosion resistance of 
four types of cement vs. 176 chemical 
solutions. Atlas Mineral Products 
698. Corrosion Protection 

Bulletin shows 24 applications of vapor 
wrap corrosion protection. Angier 
699. Cutting Compounds 

Data on cutting compounds for stain- 
less and titanium. Hangsterfer’s Labs 
700. Cutting Fluids 

Circular slide rule simplifies dilution 
of cutting fluids. For tanks of 1 to 100 
gal. D. A. Stuart Oil Co 
701. Cutting Oil 

80 pages of factual data on more than 
50 typical metalworking jobs in “Cut- 
ting and Grinding Facts”. Sun Oil 
702. Cutting Oil 

New pamphiet, “Gulf Lasupar Cut- 
ting Oil”, on sulphurized oil which can 
be used on stainless steel and more 
easily machined alloys. Gulf Oil Corp 
703. Deburring 

Bulletin on deburring and other bar- 
rel finishing. Magnus Chemical 
704. Demineralizer 

Bulletin on ion-exchange demineral- 
izer for low-cost purification of water 
for plating. Industrial Filter & Pump 
705. Desealing Process 

8-page bulletin on sodium hydride 
descaling process for ferrous and non- 
ferrous metals. Treating cycle, chem- 
istry, equipment design. Du Pont 
706. Die-Casting Machines 

Illustrated booklet giving specifica- 
tions, application data and full expla- 


nations of two new ——— advan- 
i 


tages on company’s line of die-casting 
machines. Lake Erie Engineering 
707. Dial Gages 

36-page catalog of dial gages of all 
types. Nilsson Gage 
708. Dimensioning 

40-page “Practical Dimensioning” 
tells how to avoid errors in the dimen- 
sioning of drawings. Gisholt Machine 
709. Dipping Baskets 

Catalog B-7 illustrates and describes 
various kinds of dipping baskets and 
other processing carriers. Rolock, Inc 
710. Ductile Iron 

New list of publications available on 
advantages and properties of ductile 
iron, along with special applications 
and 100 authorized foundry sources 
now producing it. International Nickel 
711. Duetile lron 

Bulletin compares ductile iron with 
gray iron, malleable iron and cast steel 
Eight examples where ductile iron is 
profitable. American Brake Shoe 
712. Electric Furnaces 

Bulletin 473 on automatic melting 
machine for ferrous and nonferrous 
alloys. Detroit Electric Furnace 
713. Electro-Clad Tubing 

Bulletin on internally nickel plated 
steel tubing. Bart Mfg 
714. Electrodes 

Chart of typical weld metal analyses 
and Arcos electrodes. Arcos Corp 
715. Electromagnet 

Bulletin on multipurpose high-fiux- 
density electromagnet for metal re- 
search. Arthur D. Little, Inc 


716. Electroplating Aluminum 
15-page Bulletin 7 on recommended 

practices for plating aluminum alloys 

with Cr, Ni, Cu, Ag, Au, brass. Alcoa 


717. Electropolisher 

Bulletin on theory and practice of 
electrolytic polishing. Description of 
electropolisher. Buehler, Ltd 


718. Extrusion of Aluminum 

Bulletin 340-A on aluminum extrusion 
process and presses of 500 to 5000 tons 
capacity. Watson-Stillman 
719. Fasteners 

22-page handbook of industrial fas- 
teners. Southco 
720. Ferro-Alloys 

Book describes over 50 metals and 
alloys produced by company. Electro 
Metallurgical Co 
721. Finishes 

Folder gives characteristics and uses 
of chromate conversion coatings on 
nonferrous metals. Allied Research 


722. Finishes for Aluminum 

8-page reprint on surface preparation 
electrochemical, organic, ceramic, me- 
chanical and chemical! finishes for alu- 
minum alloys. Alcoa 


723. Finishing 

22-page book gives facts and figures 
on barrel finishing, tells how single- 
unit installation may yield savings up 
to 95% on various parts. Almco Dit 


724. Finishing 

Six bulletins describing finishing com- 
peunds for stainless steel, aluminum, 
and other metals. Apothecaries Hall 


725. Finishing 

Technical bulletin describes Aluminux, 
a new etching compound that elimi- 
nates cement-like scale formation on 
tank and coils. Diversey Corp 
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Photo courtesy of 
Master Lock Co. 


Strength with WIZARD Tool Steel 


To impress their intricate Lion’s Head trade mark in brass the 
Master Lock Co., world’s leading padlock manufacturer, selected 


Wizard Tool Steel for their dies. 


These dies have blanked over 450,000 


impressions in brass, yet show no sign of wear. No sinking of the die 


is apparent and hair lines on the lion’s mane are clear. 


Value of 


Wizard Tool Steel for engraved dies is proven, as well as the possibil- 


ity for master hobs. 


Characteristics of Wizard chrome-tungsten-molybdenum tool steel 
are: extreme toughness; heavy blow, pneumatic and shear shock re- 
sistance; oil hardening; standard deformation; medium hardness; 
grinds sharp; superlative unbreakable quality. 


You can have Wizard Tool Steel hard as well 
as tough. Through heat treatment, better than 
90% of this extreme toughness is retained, ap- 
proximately only 10° of the total is slightly low- 
ered in increasing the hardness to 63 Rockwell 
or a fileproof steel. 


ESTABLISHEO 1988 
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NITRONEAL GAS 


| 


Typical Steel Mill Application of Three Model 3000-6 Nitroneal Generators 


SEE UNIT ON DISPLAY AT METAL 
SHOW PHILADEPHIA ,OCT. 20-24 


NITRONEAL GENERATORS 


+s : 
, WS | i 
i 


For 
BRIGHT ANNEALING 


Heat Treating 
Furnace Brazing 


STAINLESS STEEL 
Low and High Carbon Steels 
Non-Ferrous Metals 


Available in 100 C.F.H. to 10,000 C.F.H. Capacities 


Fundamentally new ammonia-air reactor 
produces pure nitrogen with a controllable 
hydrogen content that can be varied at will 
and maintained at any percentage from 
.25% to 30% as required. 


FULLY AUTOMATIC 
NO OPERATING PERSONNEL REQUIRED 
NO EXPLOSION HAZARD 


30% LESS COSTLY THAN DISSOCIATED 
AMMONIA 


GAS RATIOS PER 1000 CUBIC FEET OF FINISHED NITRONEAL GAS 


 % HYDROGEN 25 1.0 | 30 «| 60 ~ 200 | 250 
AMMONIA (c.f.) 401 404 309.3 316.7 350 7 
AIR (c.f.) 1070 1064 1033 990 790 
Luka E Co Let. 113 ASTOR ST., NEWARK 5, N. J. 
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726. Flow Meters 

12-page catalog 40 describes variable- 
area flow meters having precise tapered 
metal metering tubes and designed for 
both high temperature and high pres- 
sure. Fischer & Porter Co 
727. Flux, Aluminum Melting 
Data sheet on four fluxes for de- 
gassing and purifying aluminum alloys 
Atlantic Chemicals & Metals 

Forging Presses 
Catalog 42 gives complete specifica- 
high-speed forging presses in 

capacities from 300 to 4000 tons. Bliss 
729. Forgings 

20-page Catalog 51 on various types 
of forgings, their strength and related 
data. Section on lifting devices. Tables 
and drawings. Merrill Bros 
730. Forming Magnesium 

Article covers bending, spinning 
stretch forming, deep drawing of mag- 
nesium sheet From “Magazine of 
Magnesium Brooks & Perkins, Inc 
731. Foundry Coatings 

Brochure on foundry practices as re- 
ated to colloidal graphite for mold 
washes, pattern coatings, core coatings, 
chill coatin Acheson Colloids 
732. Foundry Practice 

Article discusses gates and risers with 
special reference to nonferrous practice 
R. Lavin & Sons 
733. Furnaces 

Bulletin SC-156 on direct-fired fur- 
naces for routine job Applications 
performance data. Surface Combustion 
734. Furnaces 

High temperature furnaces for tem- 
peratures up to 2000 F. are described 
in leaflet. Carl-Mayer Corp 
735. Furnaces 

40-page booklet Harnessing Heat 
describes types of gas and electric fur- 
naces and their application Section 
on the four basic types of protective 
atmospheres and a glossary of heat 
treating terms. Westinghouse 
736. Furnaces 

44-page Catalog 112, well illustrated, 
features furnaces for hardening, tem- 
pering, carbonitriding, forge heating, 
intering, annealing and tool heat 
treating Also atmosphere generators 
and ammonia dissociators. C. /]. Hayes 

7. Furnaces 

Catalog on electric furnaces for tool 
room and general-purpose heat treat- 
ing; also 600° F. oven Cooley Electric 
738. Furnaces 

Catalog on high-speed gas furnaces 
for heat treating high-carbon and alloy 
steels; also pot furnaces for salt, cya- 
nide and lead hardening. Hones, Inc 
739. Furnaces 

12-page bulletin on conveyor furnace, 
radiant tube gas heated, oil or electri- 
cally heated. Electric Furnace Co 


740. Furnaces, Atmosphere 
Bulletin F-1 on versatile, controlled- 
atmosphere furnace for all steels from 
high carbon to high speed in range 
1200 to 2800° F. Delaware Tool Steel 


741. Furnace Brazing 

8-page article describes electric fur- 
nace brazing of ordnance assemblies at 
Southern Electro-Plating Co. Sunbeam 


742. Furnace Controls 

28-page catalog 51-1 on furnace and 
oven controls lists prices and illustrates 
variety of instruments such as temper- 
ature controllers, recorders, indicators 
and valves. Minneapolis-Honeywell 
743. Furnace Fixtures 

16-page Catalog 16 on baskets, tray 
fixtures, retorts and carburizing boxes 


for heat treating and quenching; 66 de- 
ign Stanwood Corp 





casting 


wider ranges of alloys 


opment and Design Engineer has a much wider 

of alloys and greater freedom in design than when 
conventional fabricating methods. MICROCAST also 

greater savings because it eliminates considerable 

machining, produces intricate parts quickly and in mass quanti- 
ties, and saves on expensive tooling projects. 


MICROCAST DIVISION 


AUSTENAL LABORATORIES, INC. 
224 East 29th St., New York 16, New York 
715 Eas’ 69th Ploce, Chicege 37, Illinois 
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put YOURSELF” 


a 


il 


in this picture 


Be sure to attend the Big 1952 Iron and 
Steel Exposition this year. This exposi- 


tion, held in conjunction with the AISE ac the 
Convention, serves as an essential clear- 
ing house for new cost-cutting ideas, 


new and improved products, supplies 

and services. You can't afford to miss it. IRON AWN D STEEL 
Hundreds of important manufacturers 

will be represented with exhibits—show- 

ing you the latest in time, effort and EXPOSITION 

money-saving methods for every phase 

of production. This is your chance to 


see and compare competing products on CLEV ELAND Public Auditorium 
the spot. A single cost-saving idea... SEPT. 30, Oct. PB 2 and 3 


and there will be many for everyone who 

attends . . . will more than make the trip 

profitable to you and your company. 
Write for free tickets today. 














ASSOCIATION OF IRON AND STEEL ENGINEERS 
1010 EMPIRE BUILDING + PITTSBURGH 22, PA. 
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744. Furnaces, Laboratory 

26-page “Construction of Laboratory 
Furnaces” contains many diagrams, 
charts, tables, and information on how 
to construct furnaces. Norton Co 


745. Furnace Maintenance 

“Maintenance Guide for Electric Heat 
Treating Furnaces” describes preven- 
tive program. Hevi Duty Electric 


746. Furnaces, Rotary Hearth 
Folder giving drawings, dimensions, 

capacity, Btu required for drawing, an- 

nealing, forging. Gas Machinery 


747. Furnaces, Small Tool 
Folder describes complete set-up for 
heat treatment of small tools, including 
draw furnace, quench tank and high 
temperature furnace. Waltz Furnace 


748. Galvanic Coating 

8-page booklet 452 on Galvanite, a 
galvanic coating applied with a brush 
Galvanite Corp 


749. Gas-Air Mixers 

8-page bulletin 5-C gives engineering 
data on selecting and matching burners 
and mixers. Master table enables se- 
lection of mixer for any type of fuel gas 
Bryant Industrial Dit 
750. Gas Analysis 

Theory of gas analysis, procedures 
in various analyses and maintenance 
and operation of equipment in 60-page 
manual. Fisher Scientific 


751. Gas Burner Nozzles 

Catalog 804-C gives capacities and 
other data on 19 sizes of straight and 
elbow-type nozzles. Spark and gas pilot 
ignition also explained. Hauck Mfg 
752. Gas Carburizing 

Bulletin 1211A on uniform gas carbu- 
rizing in rotary furnaces American 
Gas Furnace 


753. Gas Flow Meter 
Bulletin 52-1017-37 on gas flow meter 
for furnace installations. Hays Corp 


754. Gas-Oil Burner 

Bulletin on combination gas and oil 
burner with high rate of combustion 
Ra-Diant Heat Refractories Sales 


755. Gear Hardening 
Folder on application of induction 
heating to high-production hardening 
of gears. Westinghouse Electric Corp 
756. Graphitic Tool Steels 
48-page booklet on heat treating data, 


properties and 46 specific applications 
of graphitic tool steel. Timken 


757. Grinders 

Catalog No. 75 describes bench and 
floor-type wheel grinders, polishing 
lathes and backstands of various sizes 
and capacities. Hammond Machinery 


758. Grinding Titanium 
Article on grinding wheels and tech- 
niques for titanium. Norton Co 


759. Hand Pyrometer 

Data sheet GEC-836 on hand pyrom- 
eter with scale ranges of 0 to 500 and 
0 to 1500° F. General Electric 


760. Hard Facing 

12-page Manual 77 on Colmonoy Alloys 
for hard facing. Extensive list of ap- 
plications and alloy recommended for 
each. Wall Colmonoy 


761. Hard-Facing Alloys 

“Hard-Facing Materials Data” sum- 
marizes hardfacing alloys, giving com- 
position, properties, uses and forms 
Haynes Stellite 


762. Hardening Stainless 

24-page “Story of Malcomizing” de- 
scribes surface hardening of stainless 
steels. Includes case histories. Lind- 
berg Steel Treating Co 








Batch type furnace for the heat treating of 
aluminum alloys—consists of atmosphere type 
burner mounted on the lower end of the duct 
which is for recirculating the air back into 
the furnace Garden City high temperature 
fan is standard equipment for recirculating 


Sellevue 


2626 Crane 


INDUSTRIAL 
Est. 1910 


=, 


the heated air. This method of heating holds 
temperature with little or no variation. Mount- 
ing the burner in the duct, eliminates the 
necessity of an extra heating unit... .Send us 
your heat treating problems ...our engineers 
will make a proposal without obligation. 


FURNACE COMPANY 


Detroit 14, Michigan 





LITHIUM: 


How much makes 
a sounder casting 


LITHIUM ECONOMICS AND TECH- 
NIQUE are both within the limits of 
everyday nonferrous foundry opera- 
tion. A small slug (0.005) of metal- 
lic lithium added to a charge of 
molten copper effectively removes 
dissolved oxides and gases. End re- 
sult is an improved, more uniform 
casting with better electrical conduc- 
tivity. By adding Lithium the surer 
way—in the handier cartridge form 
exclusive with Metalloy—castings are 
sounder at less cost and less trouble. 


Specifically, tensile strength and 
elongation are increased, porosity de- 
creased, and grain size reduced. 
Characteristic low density causes the 
lithium products formed to float to 
the surface where they are easily re- 
moved as slag. 


TESTS under production conditions 
in nonferrous foundries have long 
established Lithium in metallurgy as 
a degasifier, deoxidizer, desulfurizer 
and general purifying agent. As a 
degasifier of Nickel Bronze, for ex- 
ample, Lithium Cartridges make pos- 
sible a dense, fine grained metal. 


Lithium Cartridges eliminate the 
guesswork formulation too common 
with less satisfactory methods. Her- 
metically sealed in copper gubing, 
three convenient sizes include 2.25, 
4.50 and 9.0 grams. 


WRITE Dept. P for details of actual 
foundry tests. The small amounts of 
Lithium required put this revolution- 
ary technique within your reach. 


IF IT'S LITHIUM — IT'S METALLOY 


METALLOY CORP, Division 
fond lowe 


Meancapob: ) Mennesoto 
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lity Te 
quick & "yy 


The turning of a single hydraulic 

control knob clamps the specimen, 

tests it, then releases it The test is made 

in plain view, and the maximum pressure indicators show the 
result until reset. This highly sensitive sheet metal 

tester will take up to %%” thick specimens and exert. up to 
30,000 pounds pressure, at any desired rate of speed. 
Hydraulic mechanism is all neatly enclosed. 

Write for catalog sheet and prices. 


DETROIT TESTING MACHINE COMPANY 


9390 Grinnell Ave., Detroit 13, Mich. 
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When You Think of ALUMINUM 


a 
rm —. 


Whatever your casting problem may be—die ast—permanent oO r sand cast 


specify S-G Aluminum Alloys Every step in their production is ch ¢ onstantly 
by skilled laboratory men using the most modern equipment available Our 
facilities are available to help you solve your specif roble 
Trowble-free production of quality castings doesn’t just happen The sk and 
know-how of diecaster or foundry is of prime importance But the ost skilled of 
craftsmen must have the right type of ingot 

You can rely on S-G Alloys—they meet your most 


and grades of de-oxidizers available 


SONKEN-GALAMBA 


oe eee ee a ee 


Riverview at 2nd Street - Kansas City 18, Kansas 
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763. Hardness Numbers 

Pocket-size table of Brinell hardness 
numbers, incorporating other tabular 
information of importance to the met- 
allurgist, inspector and engineer. Steel 
City Testing Machines, Inc 


764. Hardness Tester 

Bulletin on Rockwell-type instrument 
having optical system to give Rockwell 
readings directly on a dial. Opplem Co 


765. Hardness Tester 

Circular on portable hardness tester 
in sizes for work 1 to 6 inches round 
and flat. Ames Precision 


766. Hardness Tester 

4-page bulletin on Brinell hardness 
tester weighing 26 lbs. for portable and 
stationary use. Andrew King 


767. Hardness Tester 

Bulletin DH-114 contains full infor- 
mation on Tukon hardness testers for 
use in research and industrial testing 
of metallic and nonmetallic material 
Wilson Mechanical Instrument 


768. Heat-Resisting Alloy 

Pyrasteel bulletin describes chromium- 
nickel-silicon alloy for service economy 
in resisting oxidation and corrosion to 
2000° F. Chicago Steel Foundry 


769. Heating Elements 

24-page Bulletin H on electric heat- 
ing elements. Extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Dit 


770. Heat Treating 

Booklet describes complete diversified 
facilities for heat treating steel, alumi- 
num and magnesium. Pearson Indus- 
trial Steel Treating Co 
771. Heat Treating 

Ipsenlab periodic sheets show cas¢ 
histories on bright hardening, anneal- 
ing and carburizing. Ipsen Industries 
772. Heat Treating Baskets 

Data sheet on metal baskets for heat 
treating, quenching, nitriding, pickling 
and galvanizing. Rose Iron Works 
773. Heat Treating Fixtures 

Catalog B-8 describes and shows 75 
custom-built fabricated alloy heat 
treating accessories. Rolock 
774. Heat Treating Furnaces 

Bulletin on gas, oil and electric fur- 
naces of box and pot types for heat 
treating. Dempsey Industrial Furnace 


775. Heating of Plating Baths 

Illustrated bulletin on unit heat ex- 
changers designed to maintain working 
temperature of nickel plating solution 
by continued heating or cooling in the 
same unit. Industrial Filter & Pump 


776. Heat Treating of Tools 

Information on “Sure-Wear” proces 
for heat treating high-speed cutting 
tools. LR Heat Treating Co 


777. High Alloy Castings 

See review on page 21 
778. High-Temperature Steels 

87-page spiral-bound book discusses 
behavior of steels at elevated tempera- 
ture, factors affecting high-temperature 
properties. 45 pages of tabular and 
graphical data on tensile, creep and 
rupture properties of 21 grades of high- 
temperature steel. United States Steel 
779. Identifying Alloys 

Booklet of procedures for rapid iden- 
tification of more than 125 metals and 
alloys. International Nickel 
780. Immersion Heating 

Bulletin 1E-11 gives complete details 
on how immersion pots save time in 
melting soft metals. C. M. Kemp Mig 
781. Impregnation of Castings 

Bulletin on sealants and methods to 
correct microporosity in ferrous and 
nonferrous castings. Polyplastez 





782. Impregnation of Castings 

Literature on new impregnating 
equipment for elimination of porosity 
in ferrous and nonferrous castings 
Metallizing Co. of America 


783. Induction Heat Control 
Sheet 83 on miniature radiation- 
detecting temperature-measuring device 
for flame hardening and induction 
heating. Minneapolis-Honeywell 


784. Induction Heating 

Data folder on megacycle tube-type 
machines for soldering, brazing, hard- 
ening. Sherman Industrial Electronics 


785. Induction Heating 

12-page bulletin on equipment for 
induction heating. Describes require- 
ments for hardening, brazing, and an- 
nealing at 1000, 3000, and 10,000 cycles 
General Electric 


786. Industrial Photography 

Book entitled “Functional Photog- 
raphy in Industry” describes processes 
and techniques. Eastman Kodak 


787. Inert Gas Welding 

Heliwelding, inert-gas-shielded arc- 
welding process for all-position welding 
of aluminum, magnesium, stainless 
steel, brass and copper, in ADC-709, 
Catalog 9 Air Reduction Sales 
788. Inspection 

20-page bulletin on high-speed auto- 
matic gaging and sorting; 43 applica- 
tions are illustrated. Federal Products 
789. Inspection Stamps 

16-page catalog of letter, figure and 
inspection stamps, marking dies and 
numbering machines. Dickey-Grabler 
790. Instruments 

28-page catalog No. 5000 describes 
instruments, control devices and related 
components. Minneapolis-Honeywell 


791. Liquid Carburizing 

New technical bulletin describes use 
and operation of water-soluble liquid 
carburizing baths. Park Chemical 
792. Lithium in Copper 

Data available on effect of lithium on 
electrical conductivity and yrosity of 
copper and its alloys. Metalloy Corn 


793. Lockseam Tubing 

Blueprint of size ranges of round or 
oval lockseam tubing in a wide range 
of metals. H & H Tube and Mig 


794. Low-Temperature Tests 

Bulletin MC-1 on cryostat that main- 
tains test chamber from 70° F. to within 
2° of absolute zero. Arthur D. Little 


795. Lubricant 

40-page booklet on Moly-sulphide 
lubricant gives case histories for 154 
different uses. Climax Molybdenum 


796. Machining Alloy Steels 

24-page bulletin on economical com- 
bination of microstructure, tool form, 
cutting speed and feed for each ma- 
chining operation. International Nickel 
797. Machining Titanium 

Article on recommended practices for 
machining titanium, from first issue of 
“Titanium Review”. Rem-Cru Titanium 
798. Magnetic Alloys 

20-page bulletin on the more impor- 
tant “magnetically soft” iron-nickel 
alloys. International Nickel 


799. Magnesium in Automobile 
Article on automotive uses for mag- 
nesium, from “Topics Dow Chemical 
800. Magnesium in B-36 
Article on service experience with 
magnesium in B-36 bomber Dow 
Chemical 
801. Magnesium Melting 
Bulletin on use of fabricated steel cru- 
cibles in melting of magnesium alloys 
American Tank & Fabricating 


802. Magnesium Welding 806. Melting Pots 

Reprint describes an investigation to Bulletin 201-B on alloy cast iron 
evaluate inert-gas-shielded metal-arc melting pots for use in aluminum 
welding of magnesium. Air Reduction foundries, die-casting plants and smelt- 


g works merican Car and Foundry 

803. Mechanical Cleaning — . 7 , 
76-page catalog 210 simplifies selec- 807. etal Analysis ; 
tion of power brushes; contains numer- Brochure on Quantometer, which tur- 
ous illustrations of various types of nishes pen-and-ink records of quanti- 
brushes in operation. Osborn Mjg tative spectrochemical analyses, with 


2 . 2 extra copies. Applied Research Labs 
-_ . » y ; 

804. Mechanical Cle ae 808. Metal Conveyor Belts 
30-page booklet describes 12 case his- 3 Cd al bel 
tories of how brushes were used for ' 44-page ‘ atalog describes a od » ts 
cleaning welds, stainless sheets, hot cast PL my — Nig ee 
iron, automotive parts, brass fixtures and other applications. Ashworth Bros 

Pittsburgh Plate Glass, Brush Dit 809. Metallograph 


- . > Revision of catalog includes the new 
805. Melting Furnaces metallograph with polarizing and phase 
8-page Bulletin 560 describes station- attachments. American Optical 
ary and tilting types of two-chamber ‘. 
melting furnaces. Applications to sand 810. Metals Comparator 
permanent mold, centrifugal and die Bulletin GEC-566 on electronic qual- 
casting. Lindberg Engineering ity control equipment which indicates 
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For Years, Milne 


Has Been Delivering 
Hollow Die Answers* 
To Tooling Problems.. 


“All ore Genuine 
Teo! Steels 


© MINIMIZES MACHINING = 
e CUTS WASTE This new combination of Timken® Graphitic Steel features 
Tubulor Tool) form is Milne’s latest bee-line to better, lowe 
© PRODUCES SUPER Has a double advantage over standard oil hardening tool steels 
WEAR-RESISTANT, 1. Free graphite makes it the fastest, easiest machin 
NON GALLING TOOLS lar form and insures non-seizing properties 
2. Diamond-hard carbide particles guarantee super weor + 
JIC-06 Oil Hardening, Rough turned O.D. and |.D. Saw cut foces. Furnace anne 
Non-Deforming . . . Full Length Cut to any length 


Kolorkoted Pink and Gray for Stocks of o range of sizes being built to meet demand 
Permanent Identification st ond Milne’s new Hollow Die Catalog sectior 


1g tool 


Available Across The Nation Wherever Milne Operates 


WaRtnouses SALES OFFICES SALES AGENTS 
. i ’ # \POTS WOOD 
an 


a. MILNE « co — 


745 WASHINGTON “ 


‘in 
NEW YORE 14 wy 


SEE THIS NEW PRODUCT AT MILNES BOOTH NO. 506 — NATIONAL METAL EXPOSITION — OCT. 20-24 — PHILADELPHIA 
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SEE! 


REICHERT 


METALLURGICAL 
CAMERA MICROSCOPE 
Model MEF 


Combines Compactness 
Versatility Simplicity. 
All Illuminations, including phase 
contrast; built-in camera; 
Magnification 4.5 2200. 


REICHERT 


MICRO HARDNESS 
TESTER 
Indentations placed with precision. 
Convenient to use. 

Easily calibrated. 


REICHERT 
STEREOSCOPIC 
MICROSCOPES 


For every purpose. 
Magnifications from 3x to 200. 


JUNG 


INDUSTRIAL 
MICROTOME 


Model K 


Sections hardest objects 
including metals. 


s 
AT 
BOOTH 1279 


METAL SHOW 
Oct. 20 to 24 


, 


OR, WRITE FOR LITERATURE ON THE 
e INSTRUMENTS THAT INTEREST YOU. 


National Representatives: 


WM. J. HACKER & CO., Inc. 


82 Beaver St., New York 5, WN. Y. 
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hardness variations by magnetic meas- 
urement. General Electric 


811. Microscopes 

22-page catalog describes microscopes 
featuring ball bearings and rollers 
throughout the focusing system and a 
low-position fine adjustment, providing 
comfortable operation. Bausch & Lomb 


$12. Multiport Gas Burner 
8-page Bulletin 1009 on screen burner 
for furnace or open firing. Selas 
813. Nickel Plating 
44-page book, “Practical Nickel Plat- 
ing”, gives detailed information for the 
designer and specifying engineer. 40 
illustrations, tables and charts; 41 ref- 
erences. International Nickel 


814. Nonferrous Melting 

12-page bulletin on eight types of gas 
furnaces for melting nonferrous metals 
Bellevue Industrial Furnace 


815. Nonferrous Metals 

“Metal of the Month” letters include 
market trends and helpful data. Bel- 
mont Smelting & Refining 


$16. Nonferrous Tubing 

Bulletin on seamless, brazed and 
lockseam tubing in brass and copper 
H & H Tube and Mfg. 


817. Nonferrous Tubing 

Folder on tubular products in copper, 
brass and aluminum, including finned 
and corrugated tubing. Fromson Orban 


818. Oil Firing 

Catalog 715 explains an easy means 
of standby oil firing for plants having 
seasonal shortages of gas. Hauck Mfg 
819. Quench Conveyor 

8-page bulletin on continuous quench 
tank conveyor and other production 
equipment. The Klaas Machine & Mig 
$20. Quenching 

“Handbook on Quenching” gives com- 
plete information. £. F. Houghton & Co 
$21. Parts Dryer 

Bulletin gives specifications and draw- 
ings of centrifugal dryer for small parts 
Nobles Engineering and Mfg 
$22. Pearlitic Malleable 

Folder 12 on properties of pearlitic 
malleable iron. Belle City Malleable Iron 
23. Peening 

Catalog describes selection and use 
of shot and grit for cleaning and peen- 
ing. Cleveland Metal Abrasive 

24. Peening 

Bulletin on use of cut wire shot for 
peening and cleaning. Park Chemical 


$25. Photomicrography 

Full information on Aristophot cam- 
era with Ortholux research microscope 
for photomicrography. E. Leitz, Inc 
26. Pickling 

Bulletin on heating and agitating 
pickling solutions. Ozark-Mahoning 
$27. Pickling Acid Inhibitor 

Selection chart tabulates properties 
and uses of 15 types of Rodine pickling 
acid inhibitor. American Chemical Paint 
$28. Plating Control 

Data on instruments for control of 
plating solutions and on other plating 
equipment. Demott Industries 
$29. Plating Generators 

Catalog describes motor-generator 
set for electroplating, anodizing, or 
electropolishing. Columbia Electric 
830. Plating Racks 

8-page booklet offers data on a plat- 
ing rack designed to make the spline 
section or body of the plating rack a 
permanent tool. National Rack 
831. Plating Rectifiers 

Bulletin on selenium rectifiers for 
plating and anodizing. Wesley Block 





You can cut 


Cleaning and 





Peening costs 


% 
66" 


Cut Wire Shot 


Shatter-proof Park Cut Wire Shot 
is made of hardened clipped car- 
bon steel wire. It will outperform 
and outlast breakable cast shot. 
That is why you can save up to 
66% in cleaning and peening costs. 


Durability 

© Tests prove Park shot lasts from 
8 to 10 times longer. 
Storage — Shipping 

® One bag of Park shot does the 


work of 8 bags of cast iron shot 


Maintenance — Wear 


2 Sharply reduced maintenance 
costs and wear on equipment. 


Material Costs 
® Definite savings on steel costs 
when peening with Park shot. 


New Cut Wire 


Write for bulletin and prices. 


Fark 4 


CHEMICAL COMPANY 
8074 MILITARY AVE. 
DETROIT 4, MICHIGAN 











KEEP THESE COSTS 


CMP stainless strip Thinsteel has a reputation for success- 
fully keeping costs in line for fabricators where unusual 
requirements are paramount. 

Particularly in the 300 series stainless grades you can 
have sizes, finishes, and physical properties not commonly 
available. As an example, you can specify 18-8 stainless 
in dead soft temper, with a mirror finish on both sides; or 
strip with total gauge variation from edge to edge held 
to less than 25% of standard; or strip as thin as .001”; or 
strip with hi-tensile values well over 200,000# PSI. 

If Government Controls or Restrictions force consideration 
of substitutes for the nickel-bearing 300 series, perhaps we 
can assist you in developing one of the CMP 400 chromium 
series as a satisfactory replacement. Type 430, for example, 
is now commonly substituted for various end uses which 
formerly involved the 300 series. 

So—if you have a difficult stainless strip problem, why 
not check with CMP right now. You'll find prompt and 
interested attention. 





the Cold Metal Products co. 


YOUNGSTOWN |, OHIO 


New York © Chicago © Indonapolis © Detroit © St Lows © Los Angeles © Cleveland 


1OW CARBON, HIGH CARBON |Annesied or Tempered) STAINLESS AND 
ALLOY GRADES, ELECTRO ZINC COATED ARE AVAILABLE FROM 
THE COLD METAL PRODUCTS CO of CALIFORNIA, 6600 McKinley Avenve, los Angeles 
hore Pleasent 3 129! 
THE KENILWORTH STEEL CO. 750 Bovlevord, Kenilworth New Jersey 
Phones N Y. COrtiond: 7 2427. N J. UNionville 2.6900 
PRECISION STEEL WAREHOUSE INC 4425 W Kinsie Chicago « Phone COlumbus | 2700 





832. Plating Solutions 

16-page bulletin on _ electroplating 
Pb, Sn, Fe, Cu, Ni, Cd, and In from 
fluoborate solutions. General Chemical 


833. Plating Tank Liners 
Corrosion data on Koroseal tank lin- 

ings in contact with plating baths and 

other corrosive solutions. Metalweld 


834. Polishing and Buffing 
6-page bulletin on application of 
Single-spindle machine in polishing 
formed parts having either plane or 
curved surfaces. Vanott Machine Corp 


$35. Polishing 
Catalog A-60 on 


polishing lathes 
up to 3600 rpm 


Hammond Machinery 


836. Powder Metallurgy 
Information on sponge iron powder 
Ekstrand & Tholand 


837. Precise Length Measure 
Bulletin DM 1250 on electromechan- 
ical device for measurement of displace- 
ment, vibration or movement to 0.0001 
in Electro Products Labs 
838. Precision Casting 
8-page bulletin on investment cast- 


ings of ferrous and nonferrous alloys 
Engineered Precision Casting 


839. Precision Castings 

12-page booklet, “Pour Yourself an 
Assembly”, describes wide range of ap- 
plications and alloys for precision cast- 
ing. Precision Metalsmiths 


840. Precision Strip 

Thin-gage and clad metals, as well as 
precious metal strips, wire and powder, 
which are still available, are listed in 
Bulletin 9-B. American Silver 


841. Pre-Plated Metals 

16-page fabrication handbook on pre- 
plated metals, ferrous and nonferrous 
American Nickeloid 


$42. Program Controllers 
Bulletins 1501 and 1502 describe, re- 
spectively, strip-chart and cam-operated 
program controllers for automatic reg- 
ulation of time-temperature schedules 
Minneapolis-Honeywell 


$43. Protection for Aluminum 

Folder on Alodine for protection of 
painted or unpainted aluminum. Amer- 
ican Chemical Paint 


844. Pyrometers 

Information on Xactemp pyrometers 
also Xactline straight-line temperature 
control for use with any standard con- 
troller. Claud S. Gordon Co 


845. Pyrometer Supplies 


Buyer's Guide for pyrometer supplies 
No. 100-4. Minneapolis-Honeywell 


846. Rapid Carbon Analysis 

Literature on complete line of rapid 
carbon analyzers for steel, cast iron, 
pig iron, coal, coke and oil. Laboratory 
Equipment Corp 


847. Radiography 

34-page book on X-ray applications 
features radiography of castings and 
weldments. X-Ray Dept., Gen. Electric 


848. Radiography 

Bulletin 400-310 on self-contained 
X-ray unit for mass production inspec- 
tion of parts. Westinghouse 


849. Recording Potentiometer 
14-page folder on simplified single- 

point recorder of the potentiometer 

type. Weston Electrical Instrument 


850. Recirculating Furnaces 
16-page Bulletin 81 describes and il- 
lustrates heat treating furnaces for fer- 
rous and nonferrous parts and other 
heat treat equipment. Despatch Oven 


851. Refractories 

12-page brochure on products for 
casting special refractory shapes and 
for gunning and troweling applications, 
for services to 3000 F. Johns-Manville 


852. Refractories 

20-page booklet gives technical infor- 
mation on super refractories. Charts 
tables and application data. Refrac- 
tories Div., Carborundum Co 


853. Resistance Welding 

12-page bulletin SP351 on nine basic 
types of resistance welders Federal 
Machine and Welder 


854. Reverse-Current Cleaner 

Bulletin on electrocleaner 12 for steel 
copper and brass with either reverse or 
direct current. Diversey 


855. Rolling Mills 
Folder on 3x5 in. rolling mills for 
flat stock and wire. Stanat Mfg 


856. Roll-Over Furnace 

3ulletin on mecfianically -operated 
induction furnace for precision casting 
Ajax Electrothermic 


857. Safety Valves 

Bulletin 400 describes safety valves 
for instantaneously shutting off fuel in 
case of power failure to some essential 
unit. Western Products 


858. Salt Bath Furnace 

Bulletin 123-B on submerged-electrode 
salt bath furnace for 10 heat treating 
applications in range 1100 to 2400° F 
Ajax Electric Co 


859. Salt Spray Testing 
Bulletin on lucite salt spray testing 
cabinet. Singleton Co 








$60. Saws 

Circular saw blades describ 
data on standard sizes and shé 
Motch & Merryweather 


861. Set Screws 

20-page catalog and referer 
on set screws. Set Screw & Mf 
862. Shell Molding 

Data sheet on new synthetic 
bonding shell molds. Borden C 
863. Shell Molding 

26-page bulletin on shell mol 
equipment requirements, sig! 
of resin properties, limitation: 
process. Monsanto Chemical C 
864. Shell Molding 

8-page technical bulletin « 
molding process for stainle 
Cooper Alloy Foundry 


865. Soldering Equipme 
8-page brochure on solder 
brazing equipment describes ne 
soldering gun and shows its app 
to production-line soldering a 
ing. Metallizing Co. of Americ 
866. Sonic Thickness Te 
Bulletin on measurement ¢ 
wall thickness from one side 
method. Branson Instruments 
867. Spark Testing 
20-page spark test guide 
park diagrams of 13 standard 
die steels. Carpenter Steel 
868. Spectrographs 
52-page guide to spectrogra 
paratus for metallurgical and 
chemical analysis. Jarrell-Ash 
869. Spectrophotometer 
Bulletin B-211 on junior-size 
photometer for identifying an 
uring solution constituents 


870. Springs Tester 
Bulletin on precision tester 
use in statistical quality co 
springs. Torrington Mfg 
871. Stabilized Stainles: 
Bulletin 144 on Type 321 
tubing. Condensed data on f 
and fabrication. Babcock & | 
872. Steel Bars 
Wall chart of 275 grades of 
shows chemical analyses and ot 
LaSalle Steel Co 
873. Steel, Low-Alloy 
8-page folder on N-A-X | 
high-strength steels lists prope 
test specifications. Great Lake 
874. Steel, Low-Alloy 
Booklet on Hi-Steel, with ne: 
the working strength of ordin: 
plus impact resistance. Inlanc 
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Cleveland, Ohio 


Leaders like to do business With leaders. They 
depend upon them to fulfill \pbligations and to 
accomplish the intangibles pf research and 
development. 

That’s why so many industria pacemakers do 
business with Holcroft. They know that they 
will be protected by the integrify of a company 
which has been “blazing the hkat treat trail’’ 
for better than 35 years. They know, too, that 
their new heat treat furnaces possess all 
of the latest features . . . permifting them to 
operate at a lower cost and ata high@r efficiency. 
Holcroft was the first to apply carbo-nitriding 
to high production furnaces. Continuous-type 
furnaces like the one shown do a better job— 
at a much lower cost. Write today. \Helcro: 
and Company, 6545 Epworth Bc ard, 
Detroit 10, Michigan. 
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PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


18 HOUSTON 1 CANADA EUROPE 
allace F. Schott R.E. McArdie Walker Metal Products,Lid. $.0.F.1.M. 
1900 EuclidAve. 5724 Navigation Bivd. Windsor, Ontario Paris 8, France 





875. Steel Tubing 

24-page bulletin 17 on mechanical 
applications of steel tubing. Many uses 
illustrated. National Tube Div. 


876. Straightening Coil Stock 
Equipment described for feeding and 

straightening coil stock for stamping, 

blanking or shearing. F. J. Littell 


877. Straightening Wire 
Bulletin 52-AA describes straighten- 
ing machine for wire in size range from 
jx to 1 in. diameter, at speeds up to 
ft. per min. Medart Co. 
878. Subzero Freezer 
4-page folder on portable freezer, 
110-volt a.c., operating to —180° F., for 
shrink fitting, hardening, stabilizing 
and testing. Webber Appliance 


879. Subzero Thermometer 
Information on recording thermom- 
eter for as low as —200° F. Dickson 


880. Surface Cleanliness 

Bulletin 40 describes device to meas- 
ure surface electrical resistance as cri- 
terion for effectiveness of a cleaning 
process. Weltronic 


881. Surface Grinding 

54-page guidebook on use of disk 
grinders for grinding flat surfaces 
Gardner Machine 


882. Surface Temperatures 
Pyrocon bulletin on hand-held ther- 
mocouple-type instrument for measur- 
ing and indicating surface temperatures 
at exact locations. Jllinois Testing Labs 


883. Temperature Control 

36-page bulletin P 1245 on new elec- 
tronic instruments for recording and 
indicating variables. Bristol Co. 
884. Testing 

Booklet on Reflectoscope tells how 
ultrasonic vibrations penetrate up to 
24 feet to “see” internal defects and 
fatigue cracks. Sperry Products 
885. Testing Machines 

30-page catalog on screw power uni- 
versal testing machines and accessories. 
Details of construction and specifica- 
tions. American Machine & Metals 
886. Testing Machines 

8-page folder on Amsler machines for 
tests in tension, compression, torsion, 
shear, fatigue, bending and ductility 
A. 1. Buehler 
887. Thermocouples 

36-page Bulletin 235-4 describes vari- 
ous types of thermocouples, extension 
wire and other accessories. Foxboro 
888. Tin 


24-page book on production, consump- 
tion, uses of tin. Malayan Tin Bureau 


September, 1952 


889. Titanium 

30-page data book on properties of 
commercially pure and alloy titanium, 
melting, forging and rolling. 16 charts 
and micros; 4 hardness conversion 
curves for titanium. Republic Steel 


890. Tool Room Furnaces 

Bulletin 10-T describes twelve types 
of gas-fired furnace for tool room work. 
Bellevue Industrial Furnace 


891. Tool Steel 

Bulletin on general-purpose air hard- 
ening 5% Cr tool and die steel. Ryerson 
892. Tool Steel 

“How to Get Better Tool and Die 
Performance” describes the matched 
set method for selecting the right tool 
steel for production. Carpenter Steel 
893. Tool Steel Selector 

Twist the dial of the 9-in. circular 
selector and read off the tool steel for 
your application. Crucible Steel 
894. Tool Steel Selector 

Selector for general and heat treating 
data on nondeforming, water harden- 
ing, shock-resistant, hot work, high 
speed tool and hollow die steels. A. Milne 
895. Tubing 

Bulletin 32 on analyses available, pro- 
duction limits, commercial tolerances, 
temper designations of seamless and 
weldrawn tubing. Superior Tube 
896. Tubing 

Technical discussion of fabrication 
and forging of steel tubing is given in 
Handbook F-3. Ohio Seamless Tube Co 


897. Ultrasonic Cleaning 

Bulletin GEA-5669 on equipment 
which converts electrical energy to high- 
frequency mechanical vibration for 
cleaning. General Electric 


898. Vacuum Metallurgy 

Bulletin gives résumé of vacuum met- 
allurgical operations and research and 
development facilities and services 
available. National Research Corp. 
899. Vanadium Recovery 

Six-page article, “Recovery of Vana- 
dium and Other Alloys in the Acid 
Electric Furnace”. Vanadium Corp 
900. Vapor Degreasing 

Pamphlet on properties and use of 
trichlorethylene. Niagara Alkali 
901. Volt-Ammeter 

Folder on clamp-type, hand size in- 
strument for use on a.c. to 600 amp., 
600 v. Columbia Electric Mfg. 
902. Water Purity 

Folder on device for testing purity of 
water and controlling flow. Barnstead 
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903. Welding Armor Plate 

Booklet discusses new low-hydrogen 
ferritic electrodes for welding armored 
ships and tanks. Arcos Corp. 


904. Welding and Cutting 

64-page catalog of welding and cut- 
ting equipment, supplies, and acces- 
sories. Southern Oxygen Co. 


905. Welding Low-Alloy Steel 

12-page booklet guides users of low- 
alloy, low-hydrogen electrodes. Arcos 
906. Welding Nickel Alloys 

New 44-page book on fusion welding 
of nickel and high-nickel alloys. Illus- 
trated and containing more than 30 
tables. International Nickel 


907. Welding With Bronze 

Reprint describes techniques and 
choice of bronze electrodes for welding 
various copper, steel and cast iron sub- 
assemblies. Ampco Metal 


908. Wire Fabrication 

16-page handbook on applications and 
fabrication of wire. Engineering data, 
forming methods, 12 case histories 
E. H. Titchener & Co 


909. Wire, Nonferrous 

Folder gives wire gage and footage 
chart and data on beryllium copper, 
phosphor bronze, nickel, silver, brass 
and aluminum wire. Little Falls Alloys 


910. Wire Straightening 
Bulletin 52-C describes precision ma- 
chine for straightening small wire with 
extreme accuracy. Applies to round 
wire 0.007 to 0.125 in. diameter of fer- 
rous or nonferrous metal. Medart Co 


911. X-Ray Equipment 

New catalog, “Industrial X-Ray Ac- 
cessories”, provides complete listing of 
this equipment, including chemicals, 
dark-room accessories, filing equipment, 
processing tanks, dryers and radiation 
instruments. Picker X-Ray 


912. Zine Analysis 
Article on spectrographic analysis of 


zinc die-casting alloys, from News 
Letter. Applied Research Labs. 


913. Zine Die Castings 
Folder on small parts applicable to 
production by die casting. Dollin 


914. Zirconium and Titanium 

16-page bulletin, “The Hydrimet 
Process”, describes zirconium and tita- 
nium metal and hydride, and other 
metallurgical hydrides. Metal Hydrides 


915. Zirconium Metal 

26-page booklet gives physical, me- 
chanical and chemical properties, pres- 
ent and potential uses, supply and prices 
of zirconium. Titanium Alloy Mfg 


METAL PROGRESS, 


7301 Euclid Avenue, Cleveland 3, Ohio 


Please have literature circled at the left sent to me. 


Postcard must be mailed prior to Dec. 1, 1952 
Students should write direct to manufacturers 





Banich the Bite” : 
ON PICKLING AND PLATING EQUPHENT 


with these NATIONAL CARBON AND GRAPHITE AND 
KARBATE IMPERVIOUS GRAPHITE PRODUCTS 


Pickling and tinning are messy, expensive — and necessary. 
However, you can greatly reduce equipment maintenance costs 
and improve plant housekeeping by making full use of these 
National Carbon products wherever service is dirty and tough. 
As is well known by manufacturers of your pickling and 


plating solutions, only carbon and graphite and ; 
impervious graphite withstand the “bite” of 
a eo . 


so wide a range of corrosive chemicals. 


and 
Various immersion 7 Ppate’ 
and-tube type available £0 


Ss 
Exchange 
capacity requ 


suit 


irements. 


wer 
fuor'c solutions. 
oe 


ide a0 

pice Tank Rolls Ppod. elec 
Grep combinatio® ond resistance 
idea yctiv ity sectrolytic pick- 


ipin! 
and pIP 
o hydrochior® 
a o 
procect solut! 
tack - 
contamination 
from The terms “Karbate" and “National” are registered 
trade-marks of Union Cartide and Carbon Corporation 
NATIONAL CARBON COMPANY 
A Division of Unien Carbide and Carbon Corpor ation 
WRITE FOR CATALOG SECTION—S-5005 30 East 42nd Street, Now York 17, New York 
District Sales Offices: Atlanta, Chicago, Dallas, Kansas City 
New York, Pittsburgh, San Francisco 


otwer NATIONAL CARBON PRODUCTS % IN CANADA: National Carbon Limited, Montreal, Toronto, Winnipeg 


BLAST FURNACE LININGS + BRICK + CINDER NOTCH LINERS + CINDER NOTCH PLUGS + SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS - TANK HEATERS 


SEPTEMBER 1952: PAGE 33 





ee a 








Above are a few of the 26 Young Bros. lithographic ovens at Crown Cork & Seal’s Baltimore plant. 
Each oven is controlled by three Brown recording thermometers. 


Tue NEw lithographing department of 
Crown Cork & Seal Co., Baltimore, in- 
corporates the most up-to-date facilities for 
economical, high-speed production of bottle 
closures. Typical of the modern equipment 
in this plant is a battery of 26 ovens, manu- 
factured by Young Brothers Company. 
These ovens are used to bake both inks and 
coatings applied to metal sheets. 

The baking temperature must be accurately 
controlled through the entire cycle, and for 
a wide variety of colors and materials. 
Three heating zones are used, and each of 
the large burners is controlled with a Brown 
air-operated recording thermometer. The 
recorder charts show that the oven air tem- 
perature is held to within plus or minus one 
degree Fahrenheit of the control set point. 


Ovens by Young Bros...Controls by Brown... 


boost production at Crown Cork & Seal 


No small part of the credit for this perform- 
ance goes to the Honeywell control valves 
which regulate fuel to each furnace zone. 
By accurately carrying out the direction of 
the controllers, they supply the final meas- 
ure of accuracy and responsiveness essen- 
tial to close control. In addition, each 
zone is protected in the event of flame fail- 
ure by a Honeywell Protectoglo combustion 
safeguard. 


Your local Honeywell engineer will be glad 
to discuss how your furnaces and ovens can 
profit by modern instrumentation. Call him 
today . . . he is as near as your phone. 


MINNEAPOLIS- HONEYWELL REGULATOR 
Co., Industrial Division, 14503 Wayne Ave., 
Philadelphia 44, Pa. 


MINNEAPOLIS 


Honeywell 


(INSTRUMENTS 


BROWN 


HOWL TELL 


Fiat inn Coritiol 


@ Important Reference Data 


Write for Catalog No. 51-1, ‘Furnace and Oven Controls.” 


METAL PROGRESS; PAGE 34 








3) ae 
se - pos Af 5% 
Tales? ve * 


Ls 


MISS THOMPSON — 


PLEASE POST ON 
BULLETIN BOARD 
UNTIL WE GET 
MORE COPIES foR 
THE ENTIRE 
STAFF 


TB 


k 
HERE’S PROOF OF INDUCTION HEATING’S AMAZING RECORD— 


Actual case histories of hardening, brazing, 


soldering, and annealing installations show how Send for this free booklet today ask for B-4782 


Write Westinghouse Electric Corporation, De partment 
: : T 
high as 200097), lower costs (as much as P-35, 2519 Wilkens 


90°¢), and a higher quality product for many 

of America’s leading manufacturers. It's an 
amazing story — with facts and figures released by 
the companies themselves 


the RF process has meant increased production (as 


fvenuc, Baltimore 3, Maryland. 


and results that speak 
for themselves. See how these manufacturers’ 
experiences may parallel your own . . . how RF 
Heating may help achieve production efficiency 
in your plant. 


INDUCTION HEATING 
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of the BRISTOL DYNAMASTER 


Electronic temperature recorders and controllers 


Dynamasters can be used with 


“sensing elements” like these: 





< i, To measure, record and 
coge control quantities like these: 





BRISTOL 


FLL ALQCHIAACS 


Resistance thermometers, strain gauges, con- 
ductivity cells, thermocouple or radiation 
pyrometers, tachometer magnetos, pH am- 
plifiers, gas analyzers, X-ray and radiation 
thickness gauges, photoelectric cells, spec- 
trometers, gas detectors, titrometers, and 
others 


Temperature, pressure, volts, amperes, watts, 
thickness, liquid, flow, liquid level, load, 
weight, strain, torque, position, conductivity, 
ionization, rpm, illumination, density, and 
many others 


4 4- 
LMLAL VOL Bx 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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and Double Check 


THESE FEATURES: 


All types of electric and 
air-operated controllers offered 


Continuous-balancing electronic circuit 
responds instantly to minute changes 


Simple design assures 
trouble-free operation 


Little or no maintenance 


Circular or strip-chart models, 
single or multiple recorders 


Electronic component uses vacuum tubes 
available at any radio supply house 


Full-scale pen travel in 2/3, 3, or 7 seconds 
Wide variety of chart speeds 


Components interchangeable on 
all Dynamaster models, easily serviced or replaced 


Exceptionally unaffected by stray currents 
(1000 to 1 discrimination) 


Available in bridges or potentiometers 


Practically immune to shock or vibration 


AND THAT’S NOT ALL! For more details, use 
the coupon to send for Catalog No. P1245. 


COMPANIES LIKE THESE 


are using 
Dynamasters 


North American Cyanamid Limited 
Jones & Laughlin Steel Corporation 


Rav bestos-Manhattan, Ine 
Manhattan Rubber Division 


Consolidated Edison Co. of New York, Ine 


Friez Instrument Division 
Bendix Aviation Corp 


Scovill Manufacturing Company 


Pratt & Whitney Division 
Niles-Bement-Pond Co 


International Harvester Company 
Westinghouse Electric orporation 

The Johns Hopkins University 

United Aircratt Corporation 

The Sponge Rubber Products Company 
Commercial Solvents Corporation 
Armstrong Cork Company 

United States Steel Company 

Collins Radio Company 
Baldwin-Lima-Hamilton Corp 

Ruge- de Forrest Company 

National Bureau of Standards 

Bausch & Lomb Optical Company 
Koppers Company lin 

Bell Aircraft Corporation 

The B. F. Goodrich Company 

Boeing Airplane Company 

Industrial Nucleonics Corp 

FE. 1. du Pont de Nemours & Co., Ine 
Automatic Temperature Control Co., Ine. 
Swindell-Dressler Corporation 

Woods Hole Oceanographic Institution 
Jarrell-Ash Company 


National Research Corporation 


THE BRISTOL COMPANY 
106 Bristol Road 
Waterbury 20, Conn. 


Please send catalog giving details of 
Dynamaster performance to: 


NAME 
COMPANY 
ADDRESS _ 


CITY _ 


snwanaweawaeemwmaemaemnmaaewd 
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The Superior Tube That Speeds Up The Race 


Furnishing tubing that speeds a customer’s production proc- 
esses is a Superior specialty. 


A case in point is illustrated above. The customer, New 
Hampshire Ball Bearings, Inc., manufactures high-speed, 
precision ball bearings. They formerly machined the races for 
certain of their smaller sized bearings from solid stock. This 
represented a considerable material loss . . . and a substantial 
time loss in the manufacturing process. 


Prime requirements for the races were concentricity within 
10% of the race wall thickness, dimensional tolerances under 
002” and hardness. After consultation with us the customer 
began to fabricate these races from 52100 Alloy Steel tubing. 


BE SURE ABOUT TUBING — 
SPECIFY 


Time, material and money were saved and the product improved. 


Such savings are almost a commonplace with Superior 
customers. Because of our long experience in standard pro- 
duction of what is generally regarded as specialty tubing, we 
can frequently supply a quick and easy solution to the most 
difficult problems ...and generally do so without charging 
“premium” or special handling prices. 


If you have a need for fine small tubing in any analyses... 
almost any shape . . . and of a superior quality . . . it will pay 
you to check with us. We may be able to fill your needs from 
stocks of our selected distributors in key cities. Write Superior 


Tube Company, 208 Germantown Ave., Norristown, Penna. 


f ROUND AND SHAPED TUBING 


Available in: 


Carbon Steels: 


A1LS.1.—C-1008, MT-1010, MT-1015, C-1118, 
mT-1020, C-1025, C-1035, E-1095 


Alloy Steels: 


A1.S.1.—4130, 4132, 4140, 4150, 8630, 
£-52100 


Stainless Steels: 
A1S.1.—303, 304, 305, 309, 310, 316, 317 
321, 347, 403, 410, 420, 430, 446, T-5 


Nickel Alloys: 


All analyses .010"' to %” 0.0 Nickel, “"D Nickel’, ‘'L Nickel*, ‘‘Monel”’* 


Certain analyses (.035"’ max. woll) 


West Coast: Pacific Tube Company, 5710 Smithway St, 
Los Angeles 22, Calif. UNderhill 0-1331. 
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K Monel"*, “‘inconel’*, 30% Cupro Nicke 


k Beryllium Copper 


up to 1%" 0.0. 





*Reg. U. S. Trademark 
International Nickel Compony 





and three 
you're spotting 


When your eye is on Pittsburgh 
dozen towns in its orbit 
scores of furnace operations regularly checked 
by Cities Service Heat Provers. Here, where 
they know all kinds of furnace instruments, 
and where high efficiency is most urgent today, 
the application of Heat Provers by Cities 
Service is increasingly valued. 

It takes the Heat Prover to read simultane- 
ously for oxygen and combustibles, measured 


direct by actual gas analysis. And the Heat 
Prover’s continuous rapid sampling reveals 
effects of furnace adjustments at once. The 
Heat Prover frees you of maintenance too, 
because it’s not an instrument you buy, but a 
Service we supply. Learn how it can raise pro- 
ductivity for you...in iron, steel, ceramics, 


glass, cement or any other furnace operation. 
Write Cities Servick Ou Company, Dept. 
120, Sixty Wall Tower, New York City 5. 


CITIES ) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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How to install new radiant tube . . . There’s 


nothing to it. Just turn off the gas, lift out 


the old tube, and lower the new one in 
its place. 


zip-zip e°@ 
ee @ like 
in LINDBERG 


Well, maybe not that fast . . . but it'll seem 
that fast if you've ever had to struggle 
around with the old type heavy radiant 
tubes. These new gas-fired, vertical tubes 
weigh only 29 pounds. . . almost as light 


as a razor blade by comparison. 


All you do is turn off the gas, get on top 
the furnace, lift out the old tube, lower a 


new one in its place . . . and that's it. 








blades in your razor! 
CARBONITRIDING FURNACES 


—— : 
mT TN 


Simple, isn't it? No furnace cooling necessary . . . no 
extended down time . . . no clumsy plugs to unbolt 


++-No squirming around inside the furnace. 


But ease of maintenance is only one of the advan- 
tages offered by this amazing Lindberg Carbonitriding 
Furnace. Check these important construction features: 


Quench tank pit unnecessary . . . Your Lindberg Carbon- 
itriding Furnace includes a built-in pitless quench 
tank ... thus you avoid costly excavation and piping. 
But more important, this built-in quench tank mini- 
mizes distortion . . . quenching takes place within the 
furnace structure, by means of a vertically operated 
elevator. Heated charges are never exposed to the 
air... as would be the case if work had to be trans- 
ferred from the heating chamber to a separate quench 
tank. Uniform case depth is assured because each 
charge automatically remains at heat the same 
length of time. 


Preheat and purge chamber . . . Prior to entering the 
furnace heating chamber, work enters area immedi- 
ately above built-in quench tank. Here, work is pre- 
heated . . . this reduces drastic temperature change 
when work enters heating chamber. Also, the work 
is completely purged while it is preheating. 


Many furnaces in one . . . Furnace atmosphere is pro- 
vided by Lindberg “Hyen" endothermic atmosphere 
generator that is easily adjustable to supply different 
atmospheres not only for carbonitriding, but also for 
carburizing, carbon restoration, bright hardening or 
annealing and normalizing. For annealing and nor- 
malizing the heated charge cools in the same cham- 
ber used for preheating and purging. 


For additional information write your nearest 
Lindberg office .. . or Lindberg Engineering Company, 
2448 West Hubbard Street, Chicago 12, Illinois. 


CARBONITRIDING . . . Specifications called for .023 to 
.025" case on these low carbon seamless tubes. The 
charge weighed 450 Ibs., and required 13/, hours. 


CARBURIZING . . . 450 Ibs. of these bevelled gears, 
SAE 1020, required three hours total time to obtain 
a .032” depth. 


ANNEALING . . . These SAE 1045 gear blanks were 
annealed to 174 Brinell. Temperature was 1550 
F., time 11/2 hours. The charge weighed 350 Ibs. 
Cooling was in atmosphere. 


LINDBERG FURNACES 














BRONZE GEARS, BUSHINGS AND BEARINGS POSSESS 
LONGEVITY UNDER CONSTANT USAGE ... 


Heavy duty machinery, which requires rugged mechan- 
ical endurance necessitates the use of materials, which 
must perform for extended periods of time under 
severe strains. 

The use of bronze under these conditions is a must. 
Only in bronze can, be found the unusual combination 
of plasticity, durability, strength and wear resistance 
required, 


FREE . . . Write for your copy of the 8-page Lavingot Technical Journal — Vol. 8, No. 3 — 
containing on article discussing “Gates and Risers 








Specify—LAVIN NONFERROUS INGOT—Quality 


an 3 
.  - : 
af ol 
& ny ; i 


R. LAVIN & SONS, INC. 


© Refiners of Brass, Bronze and Aluminum 

*¢ Producers of Zinc Base Die Casting Alloys 

AVENUE e CHICAGO 23, ILLINOIS 
e<¢Vv.t ee 


3426 S. KEDZIE 
VES 


oe SESS « Ba Se 


PRINCIPAL 
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510 50 KV 
INSPECTION UNIT 


X-RAY DIFFRACTION UNIT 


WwW 


DARKROOM 
EQUIPMENT 


X-RAY FILM 


LMS, CHEMICALS. 
CASSETTES, EXPOSURE HOLDERS 


ACCESSORIES, 


as to 


150 KV MOBILE X-RAY UNIT 


, X-RAY UNIT 22,000,000 VOLT 


ALLIS-CHALMERS 
BETATRON 


e\— 
\ 


has 


> 
RAYPROOF X-RAY 
INSPECTION CABINET 


SERVICE « 


SUNDRIES LAYOUT PLANNING 


do with 


3 


Picker specializes in x-ray, and x-ray onl 
ever you need, we've got... from a simp 
To serve you, there are sales offices and 

by skilled engineers prepared to cope w 
understanding. If you are now using x-rd 
you can depend on Picker for objective 


PICKER X-RAY CORPORATION 
SALES OFFICES AND SERVICE DEPOTS IN 


, covering the field like a blanket. W bat- 
lead letter to a 22,000,000 volt betatron. 
rvice depots in all principal cities, staffed 
h any x-ray problem promptly and with 
y, or are wondering whether you should, 
technical counsel and efficient handling. 


25 S. Broadway, White Plains, N.Y. 





Dao CITIES OF U.S.A. AND CANADA 
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This contact 


IT’S MADE OF BER 


The safety of o plane, the effectiveness of 
a battalion, or the success of a bombing 
mission may depend on this tiny beryllium 
copper part, which measures only ‘es inch 
in length— one-twelfth the size shown here. 


Contacts like this are used in miniature 
tube sockets for radar, communications 
and other electronics equipment. Every 
day thousands of these contacts are 
stamped out at high speeds on pro- 
gressive dies.” 


The men who design our military equip- 
ment are well aware of the old saying 
“For want of a nail, the shoe was lost”... 
and consequently the battle. The specifi- 
cations, the load and test requirements, 


has strong 


electronic connections 


spring properties, in resistance to both 
corrosion and relaxation, in electrical con- 
ductivity. They must not be subject to 
vibrational fatigue and must withstand 
wide variations in temperature. There is 
one metal which possesses all these essen- 
tial characteristics to a high degree— 
Berylico beryllium copper. 


Unique properties, such as combination 
of great strength and electrical con- 
ductivity, moke this versatile alloy as 
important in the manufacture of peacetime 
products as of those for defense. We invite 
you to take advantage, in your plans for 
the future, of the technical knowledge 


YLCO BERYLLIUM COPPER 


are exacting. Contacts must excel in 


acquired by the world’s largest producer 
of beryllium copper. Write or telephone 
any of the offices listed below. 


VALUABLE ENGINEERING INFORMATION 
on Berylico beryllium copper is con- 
tained in a series of technical bulletins, 
published monthly. To receive your 
copy regularly, write on your busi- 
ness letterhead. 


TOMORROW'S PRODUCTS ARE 
PLANNED TODAY WITH 
BERYLCO BERYLLIUM COPPER 


Sample material available for testing purposes 


*Dato supplied by John Volkert Metal Stampings, Inc., Queens Village, L. 1, N. Y. 


THE BERYLLIUM corporation 


DEPT. 


2-1, 


READING 9, PENNSYLVANIA 


New York - Springfield, Mass. - Cleveland - Dayton - Detroit - Chicago - Minneapolis - St. Louis - Seattle - San Francisco - Los Angeles 
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...the Key to 
Modern Design and 
Production 


@ Recently a new cylindrical lock was developed for the 
Russell & Erwin and P. F. Corbin Divisions of the 
American Hardware Corp. Parts were designed for 
EASY-FLO brazed construction and results verified once 
more the speed, reliability and low cost of this 

modern method of fabricating metal assemblies. 


HOW PARTS ARE BRAZED... 


At left below are the Case assembly parts—a brass 
sleeve and stamped steel case and ring of EASY-FLO 
wire used to join them—and under them is the 


brazed assembly. Jigged 


assemblies, with alloy pre- 


ts placed, are induction brazed 


6 at a time (see right). Heating 
time per 6 assemblies—31 
seconds. Three other assemblies 
are EASY-FLO brazed 

by the same method — 








reeves ee UTC TTT tos 


KNOB SHANK-—steel shank 
to stamped steel cap—heat- 
ing time, 6 assemblies, 12 
seconds. 


LATCH CASE—-stee! cap to 
steel case — heating time, 
6 assemblies, 8 seconds. 


CAP—brass sleeve to steel 
stamping —heating time, 6 
assemblies, 40 seconds. 








GET THE WHOLE EASY-FLO BRAZING sToRY 


BULLETIN 20 tells you in detail what EASY-FLO is, what it 
does and how to put it to work—plus valuable information on 
joint design and fast brazing production methods. Write for 
a copy today. 


HANDY & H na 
BRIDGEPORT, CONN 

PROVIDENCE, &. | 

CHICAGO, ILL 


General Offices: 82 Fulton St., New York 38, N. Y. oe 


DETROIT, MICH 


MWWEUAY DISTRIBUTORS IN PRINCIPAL CITIES nan bane ge 


TORONTO, CANADA 
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Wide Control, Constant Torque 


with FISHER 


id 


The new heavy duty Fisher Variable-Speed Polisher is the last word 
in convenience and efficiency. By setting the dial to a selected point, 
the precise rpm required at the moment is instantly at the command 
of the operator . . . and full torque is provided at all speeds. 

All exposed parts of the Polisher are constructed of non-corrosive 
= ust euuiindindouben materials. The bowl and splash ring are made of aluminum for dura- 
be easily mounted to a laboratory wall. bility. The bowl is sloped towards a drain plug, readily accessible from 

the underside of the unit. The splash ring is removable and is shaped 
to direct the spray from the head down into the bowl. 

The nickel-silver polishing head has a 9-inch diameter. A unique 
locking-clutch device connects the head directly to the driving shaft, 
facilitating removal and attachment. 

A stainless steel spring firmly holds polishing cloths of any thickness 
and a satin-finished nickel-plated brass cover protects the head and 
polishing cloth from dust when Polisher is not in use. 


TWO MODELS AND MOUNTING TABLE 


AVAILABLE IMMEDIATELY FROM STOCK 
Write for Complete Information 


A selector dial (within easy reach of the 
operator) permits wide range of speeds 
without loss of torque. 


New Polishing Table accommodates a single 
Polisher or two Polishers side by side. 


PITTSBURGH (19) NEW YORK (14) ST. LOUIS (18) 
ISH 7 a C | & NTl © ic 717 Forbes St. 635 Greenwich St. 2850 S. Jefferson Ave. 
WASHINGTON 


7722 Woodbury Dr., MONTREAL, P.Q. TORONTO (8), P.O. 


America’s Lorgest Manufacturer-Distributor of Laboratory Appliances and Reagent Chemicals Silver Spring, Md. 904 St. James 245 Carlaw Ave. 
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" Tool Steel Topics 


ante 


BTR and LEHIGH H team up to 
form 24 teeth, punch 39 holes 


In addition to punching 39 '4-in. holes 
his four-station progressive die also per 
forms a blanking and embossing opera 
tion on 11-gage hot-rolled steel. About 
25,000 pieces are produced before the 
die requires redressing. A sample piece 
s shown below 


How the outstanding properties of dif 
ferent tool steels can be used to best ad 
vantage is well illustrated by these two 
punching and forming dies. 

One die punches and forms 24 teeth 
and punches three '4-in. holes, all in a 
single operation The other die pune hes 
39 holes of '4-in. size, blanks out the 
piece, and embosses it 

The punches of both dies are made of 
BTR, our manganese-chromium-tungsten 
oil-hardening steel with a hundred and 
one uses. It has plenty of wear-resistance, 
and it takes the shock of the punching 
operation, BTR is easy to machine and 
heat-treat. And it’s economical. 

The die rings for both dies are made 
of Lehigh H, our general-purpose grade 
of high-carbon, high-chromium steel. This 
air-hardening grade is first choice wher 
ever it’s essential to have minimum dis 
tortion during heat-treatment. In addi 
tion, Lehigh H_ provides long-wearing 
properties for those long runs. You just 
can't get a better tool steel when you need 
accuracy and long wear. 

Both these Bethlehem grades are 
Sethlehem 
tool steel distributors in principal cities 
everywhere, and in our mill depot. 


stocked in popular sizes by 


BETHLEHEM 


We have ran across several customers 
who use earbon tool steels for tools and 
dies that others would ordinarily make 
from oil- or air-hardening tool steels. 
This is real economy. 

The secret in most eases is in the de 
sign of the tool. Avoided are: sharp cor 
ners, small projections from heavy sec 
tions, numerous holes with both thicl 
and thin webs. If the tool ean be designed 


TOOL 
Special treatment often 


a 


This die punches and forms 24 teeth in 18-gage cold 
rolled steel and punches three ‘%4-in. holes. About 
50,000 pieces are produced before redressing 


STEEL ENGINEER SAYS: 
permits using carbon tool steel 


to minimize such hazards, earbon tool 
steel is often an effective solution. 

When there are many holes in a die 
made from carbon tool steel, a good heat 
treater will carefully pack the holes with 
asbestos or fire clay, then heat carefully 
and uniformly to obtain a well-hardened 
die. This precaution reduces distortion 
during heat-treatment and avoids eaus 
ing cracks in quenching. 


~e* C¢ 


gETHLEHEN 
STOEL 


METALLURGICAL SERVICE — Bethlehem metallurgis 
are on call whenever you have problems Then 
assist with the selection of tool steel, or its heaté 
treatment, forging, grinding, machining, design, etey 


Sometimes it takes more 
than just good tool steel 


In a customer's plant the other day we 
asked the shop boss the name of the tool 
steel he used fora blanking die whic h we 
saw in his shop. 

“Sorry, but I just can’t tell you. All I 
know is, it works fine. We used to have 
a lot of trouble with that die . . and 
then one of your Bethlehem men Came itt 
here one day. He worked with the die all 
day, and he cured the trouble for good.” 

Later we checked with the toolroom 
and found that the grade used for the diel 
was BTR, our general purpose, oil-hard-§ 
ening tool steel and a mighty reliable} 
one, too. The fact that the superintendent} 
didn’t know its name was probably aj 
compliment It was doing a good job lle 
no longer had to worry about it. So the 
name didn't matter 

The point is, it takes more than the 
best tool steel to make some tools and dies 
work right. Sometimes what counts most 
is the service that goes with the tool steel 

our vast experience in applying each 
grade, the sales service, metallurgical 
service, and distributor service 

“Service” is often a glib promise, an 
intangible sales point But we at Beth 
lehem look on service as an inseparable 
part of our product, something that goes 


along with every bar of steel we sh p 





HEAT AND TEMPER COLORS 
SHOWN ON HANDY CHART 
Want to estimate the tempera 
tures of heated steel?’ Our con 
venient color chart is printed in 
natural tones; heat colors are 
wecurately reproduced on ome 
side and temper colors on. the 
other. Write for your free copy 
to Publications Dept., Room 1042, 
Bethlehem, Pa. 























SESS S SOS SSEeS es. 


sess 


ce) 








VSSe 


Wyman- Gordon — specialists in the vital forgings of the internal 
combustion engine since its inception —is today the largest producer 
of crankshafts for the automotive industry and of all types of forgings 
for the aircraft industry. Be it crankshafts and other vital forgings 
for the piston type engines or turbine wheels and impellers for turbo 


jets—there is no substitute for Wyman-Gordon experience. 


Standard of the Vudustry for Wore “Than Sixty Years 


WYMAN-GORDON 


FORGINGS OF ALUMINUM * MAGNESIUM © STEEL 
WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS DETROIT, MICHIGAN 
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Yale & Towne saved 
almost 5¢ a pound 


ON THIS EXTRUDED PADLOCK SHAPE 


Saving metal and machining time by using an extruded brass shape isn’t 
exactly news. But this was a little different Yale & Towne, a large 
consumer of Anaconda Metals, was already using an extruded shape 
for its line of solid brass pin-tumbler padlocks and paying an 
extra 4.8¢ a pound for a finish-draw operation 

Our Extrusion Department thought a die could be designed to 
eliminate the extra draw, retaining the exacting dimensional tolerances 
and surface finish. It worked. Beautifully! And in case you're interested in 
dollars-and-cents savings, so far the number of pounds of this shape 
supplied runs into a stout six figures! 

You'll find, too, that quality goes up while costs come down when 
you switch to extruded shapes, because extruded metal is wrought metal 
tough, strong, dense-grained, smooth-surfaced and easy to machine 
Anaconda Extruded Shapes are available in long mill lengths; in copper, 
brass, bronze and nickel silver. We'll be glad to make suggestions based 
on your sketch or sample. Address The American Brass Company, 
General Offices, Waterbury 20, Connecticut 


Here is shown the Anaconda Extruded Shape from which padlock 
body blanks are sawed. Views above indicate the extent of machin- 
ing necessary in the Yale & Towne Solid Brass Pin-Tumbler Padlock. 


ANACONDA 


Five of the dozen-odd Anaconda EXTRU DED SHAPES 
Extruded Shapes used by Yale & vi: 

Towne to build lasting depend- a short-cut to a finished product 
ability into its top-quality, mod- 

erately-priced products. 





reports on its First Birthday 


--. and already proves a big help 





in Yale & Towne’s polishing room 


Just about a year ago a newcomer to the family of Anaconda Metals was 
announced to the trade—Formbrite* Drawing Brass—a metal with a superfine 
grain structure that permits polishing to a more lustrous finish in far less 
time than ordinarily possible 
In the form of sheet or strip, Formbrite is stronger, “springier,” harder 
and more resistant to scratching and abrasion—yet is so ductile that it readily 
withstands deep-forming operations and takes clean-cut die impressions 
Illustrated here are several doorknob components made of Formbrite 
by Yale & Towne, one of the nation’s most important manufacturers 
of builders’ hardware. These parts are brought to a high finish on 
automatic polishing machines, then are lacquered or chromium plated. 
In the short space of a year The American Brass Company has 
produced millions of pounds of Formbrite which was fabricated 
by leading manufacturers into a wide variety of products. Each, in 
substance, makes the same report: “substantial savings 
in our polishing operations.” 
Formbrite is produced, at no increase in price, in the form of 
sheet and strip for pressroom work; also in rod and wire for cold 
heading operations. Write for Publication B-39, addressing 
The American Brass Company, General Offices, 
Waterbury 20, Connecticut. 


Formbrite Drawing Brass is an 


In the bullseye is shown one type of Yale & Towne doorknob A NAC Oo N pA 
assembly. Above are several of the progressive steps in pro- 


ducing the knob shank (note the extent of metal deformation 
at the deep recess). Knob, at right, receives one draw and is PRODUCT 
chamfered on the edge. Knob is formed and assembled to 
shank in one press stroke. Shank, knob and rose at left are 


made of Formbrite—the metal that helps polish itself. made by THE AMERICAN BRASS COMPANY 
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CATED 


ALLOYS 


AN ASSEMBLY THAT “Gives G Lift” 


They are used by a nationally known manu- 
acturer for hardening at 1850° F. Material of 
basket is type 330 stainless steel. Size, each 
basket 28” 1.D. x 12%” high. To facilitate han- 
dling in and out of the furnace the baskets are 
securely fastened together with alloy lift straps 
and keys. Note fabricated bottom grid and 


mesh disc. All welding is of the highest quality. 


Offices: PHILADELPHIA 


ROLOCK 


CLEVELAND, DETROIT, 


INC. 4 


HOUSTON, 


CHICAGO, ST 


1222 KINGS HIGHWAY, FAIRFIELD, 


TO AN IMPORTANT 


HEAT TREATING JOB 


Four sets of these Stacking 
Furnace Baskets were custom- 
fabricated by Rolock to fit pit- 
type furnaces built by Hevi Duty 
Electric Company. Photo at left 
shows bottom grid, mesh disc, 
lift straps and fastening keys. 
Photo at right shows complete 
assembly ready for furnace. 


Rolock equipment is engineered to suit the 
specific job... for maximum strength... for as 
high ratio of load to weight as safety permits 


...for handling convenience...and for low 


hour-cost through extended service life. Our 


engineering department likes to solve problems. 


Tell us about yours! 


Rolock Booth No. 1810, National Metal Exposition 
October 20-24, 1952, Philadelphia, Pa. 


LOUIS, LOS ANGELES MINNEAPOLIS, PITTSBURGH 


CONN. 


for better work 


Easier Operation, Lower Cost 
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re et EQUIPMENT 
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Heat-Treating Equipment 
for Every Purpose 


Carburizing and Annealing Boxes 
Baskets - Trays - 


Muffles - Retorts - 


Fixtures 
Racks 


Annealing Covers and Tubes 
Pickling Equipment 
Thermocouple Protection Tubes 
Radiant Furnace Tubes & Parts 
Heat & Corrosion Resistant Tubing 


METAL 


Tumbling Barrels - 


Tanks 


Cyanide and Lead Pots 


yt thd : nae 


in NY 


From mammoth covers requiring a flat car for shipment to midget boxes you can 

hold on a hand, PSC annealing equipment is made in any size that will help you get 
minimum handling time and maximum furnace capacity. Efficiently sized PSC 
containers recently increased by 100°; the output of the furnaces of a well-known 
malleable foundry. In each furnace 22 stands of PSC light-weight sheet alloy boxes 
replaced 18 stands of bulky, space-wasting cast boxes, resulting in doubled capacity. 


Weigh Up to % Less. Cut Handling and Fuel Costs. 


PSC welded alloy units save time because, being 2/3 lighter than cast 
equipment, they handle faster; and require less time to attain pot heat. A recent 
study of one customer's cycle showed a total saving of 5 hours. By 
repeated records, their service life is 2 to 7 times that of cast units. 


Let our 
technical staff work with you in devising time-saving units. 


As pioneers of 
light-weight, sheet alloy, heat-treating containers and fixtures, we make available 
to you a wealth of designing and production know-how. We fabricate 

in any alloy. Send blue-prints or write as to your needs. 


THE PRESSED STEEL COMPANY 


of W 


ILKES-BARRE, PENNSYLVANIA 


Industrial Equipment of Heat and Corrosion Resistant WEIGHT-SAVING Sheet Alloys 
OFFICES IN PRINCIPAL-CITIES 
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carries a moral for 





Cutting Fluid users 





VT Ae ee 


The Fable... 


my A Crow, sitting on a fence post, watched a 
huge Eagle swoop down on a luckless lamb and carry 
it away. “That looks easy”, thought the Crow, and 
straightaway tried to duplicate the Eagle’s feat. 
Of course, he couldn’t lift the lamb and, instead, 
got tangled up in its wool and couldn’t get loose. 
The farmer came over, grabbed the Crow, and 
wrung its foolish neck. 


The Moral... 


Just as there was a big difference in abilities 
of, and results secured by, the Eagle and the 
Crow in the fable, so are there big differences 
in the abilities of basically different types of 
cutting fluids. Stuart Oil Co., recognizing this, 
does not attempt to apply a watermixed cut- 
ting fluid where a straight oil is needed, or 
vice versa. Some applications require a fluid 


More Than a ‘Coolant’ is Needed 





EST 1665 


LiMiTED 


p.A. Stuart il 


TIME-TESTED CUTTING FLUIDS AND LUBRICANTS 


2743 S. Troy St., Chicago 23, Ill. 


ui | Ahi 


with great /ubricity, on others high anti-weld 
properties are necessary. All require semper- 
ature regulation, but always more than a “‘cool- 
ant” is needed. 

Let your Stuart Representative demonstrate 
the opportunities for increased machinin 
efficiency in your plant. Ask to have him call 
at your convenience. 


Free! Dilut-o-graph 


Circular slide rule makes dilution of 
cutting fluids quick, easy! For tanks of 
1 to 100 gallons. Fill in coupon, clip to 
your company letterhead and mail to: 


D. A. STUART OL CO. 
2743 S$. Troy $t., Chicago 23, il. 
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most important ingredient 
in every Bonderite solution 


most valuable part of 
every Bonderite installation 


PARKER’S 


37 YEARS EXPERIENCE 


in surtace treatments for metals 


No one—no individual and no other 
company—has the experience and 
knowledge of surface treatments for 
metals that Parker Rust Proof has. 

Backed by this invaluable know- 
how, Bonderite today is more effi- 
cient, more economical, more versa- 
tile than ever! 


No need to experiment, no need 
for you to use untried products or 
methods. Parker, calling on its 37 
years of experience, will plan a 


Bonderite treatment to fit your pro- 

duction requirements exactly and 

produce the results you want. 
Bonderite, corrosion resistant 

paint base, is one of the most thor- 

oughly proven products available 

to American industry. And it is sold 

and serviced by the company 

which has been the leader 

in the field since 1915. 


Write for detailed in- 
formation. 


Since 1915—First in the Field 


*Bonderite, Bonderlube, Parco, Parco 
ub 


Lubrite—Reg. U.S 


RUST PROOF COMPANY 


Pat. € 


PARKE 


BONDERITE 
rrosion resistant paint base 


2216 East Milwaukee, Detroit 11, Michigan 


BONDERITE and BONDERLUBE PARCO COMPOUND PARCO LUBRITE 
ie is 1 forming ‘ et ' ? resistant re ' a time iatall-l. mm lalla, 
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ANOTHER DESPATCH HEAT TREATING FURNACE 
TAKES ITS PLACE ON THE PRODUCTION LINE 


This rugged, highly efficient DESPATCH heat treat- 
ing furnace is on an important production line. 
Just now it is playing a doubly significant role in 
our Defense Production Program. 


Used for the heat treating of vehicle frames, this 
car loaded, double-end furnace has a capacity of 
5,000 Ibs., including fixtures. Heat is provided by 
a 400 k.w. capacity electric heater. Maximum work- 
ing temperature of the furnace is 1200° F. Opening 
and closing of the work chamber is speeded con- 
siderably by the motor operated vertical-lift doors 
at both the entrance and exit ends. 

This is just another instance on our industrial 
scene where DESPATCH has engineered, fabri- 
cated and installed heat treating equipment for one 
of our leading American manufacturers. Experi- 
enced DESPATCH engineers are ready to help you 
on similar heat application assignments. 


Write for full information to Dept. P 





SOLVING INDUSTRIES’ 
METAL PROCESSING 
PROBLEMS FOR 50 YEARS 


That's the record of DESPATCH Oven Company 
in this year of 1952 as the company celebrates 
fifty years of engineering, research and building 
industrial heating and metal processing equip- 
ment. It has been fifty years spent in solving heat 
application and metal processing problems for a 
wide variety of industries. 

Now, you can benefit from this enviable record. 
Let DESPATCH solve your problem, whether it be 
one of industrial heating, metal processing or 
finishing. Single units or complete engineered 
systems. 





FIFTIETH ANNIVERSARY 


>] =) Na 


OVEN COMPANY 
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Timken wrings a 2-ton roller bearing dry 


-ee by high vacuum 


WHEN you've finished a 3-foot roller bearing and 
put it aside to await a call from a steel mill, it’s a 
costly disaster to find later that the beautifully 
machined surface corroded despite a protective 
coating of petrolatum. 

The Timken Roller Bearing Company has solved 
this problem by getting rid of the last bit of water 
before coating. They do it with DPi high vacuum 
equipment, and here's how it works: 

The bearing is first washed in a hot water- 
soluble oil emulsion. Then it is placed in a high 
vacuum chamber where the pressure is quickly re- 
duced to 9 microns Hg (about 1 millionth atmos- 
pheric pressure) and held for 20 minutes. That re- 


moves every trace of water. When covered with 
petrolatum, the bearing remains in perfect condi- 
tion until ready for use. Using a uniquely efficient 
oil ejector pump, this equipment is economical to 
operate-—is designed and built for easy, trouble- 
free operation 

If you suspect that high vacuum has a place in 
your business, our engineers are ready to discuss 
its applications with you, whether for dehydration, 
vacuum metallurgy, or any other phase of high vac- 
uum technology. Just write Distillation Products 
Industries, Vacuum Equipment Department, 753 
Ridge Road West, Rochester 3, N. Y 
of Eastman Kodak Company) 


Division 





high vacuum research and engineering 


Also .. . vitamins A and E . . . distilled monoglycerides . . . more than 3500 Eastman Organic Chemicals for science and industry 
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- + provides the 


safe, sure quenching 


needed for 


“LEAN ALLOY” 
steels! ——_ 


Use Houghto-Quench to meet your most critical quenching 
needs. We developed this stable oil to give you all three of 
these essentials that heat treating low alloy steels demand: 


1. A faster quench through the critical zone 
2. Full hardness to meet high physicals safely 
3. Uniform quenching of any steel at any temperature 


Ask the Houghton Man to show you why it pays you to spec- 
ify Houghto-Quench—particularly today. Or write to E. F. 
Houghton & Co., Philadelphia 33, Pa., for full information. 


HOUGHTO-QUENCH 


+++@ product of 
DO YOU HAVE OUR HANDBOOK ON QUENCHING ? 


es Contains complete informa- 
a tion on this important phase 
of heat treating. We'll gladly 
mail a copy, without charge, R 
to anyone engaged in metal Ready to give you 


processing. on-the-job service «s+ 


SEPTEMBER 1952; PAGE 55 





JM 


PRODUCTS 


METAL 





How can I keep 
furnace fuel costs 


down? 








Sil-O-Cel 
Natural 


Insulating Brick 


Insulating Brick 


Sil-O-Cel 
C-22 





Sil-O-Cel 


er 
Insulating Brick 





Back up with 
SIL-O-CEL Insulating 


Brick! 





3 economical answers to 
high-temperature insulation problems 





Nature HERSELF has produced one of the 
most effective high-temperature insulating 
materials ever discovered—diatomaceous 
silica, from which Sil-O-Cel® 
Brick are made. 


Insulating 


These insulating brick are used for back-up 
insulation behind fire brick or insulating 
fire brick linings in boilers, stills, stacks, 
heat-treating furnaces, kilns, lehrs, flues, re- 
torts, and other types of high-temperature 
equipment. 


Sil-O-Cel Insulating Brick have excellent 
insulating qualities combined with high 
load-bearing characteristics and light weight. 

Made in all standard shapes of the 2'4 in. 


and 3 in. series, Sil-O-Cel Insulating Brick 
are produced in three basic types: 


SIL-O-CEL NATURAL INSULATING BRICK 
for temperatures to 1600F 


Quarried directly from one of the world’s 
purest deposits of diatomaceous silica, these 
insulating brick have a conductivity of only 
0.79 Btu in./sq ft/F/hr at LOOOF mean 
temperature, with heat flow perpendicular 





PAGE 56 


to brick strata. Yet their density is only 
30 Ib/cu ft. Cold crushing strength, 400 psi. 


SIL-O-CEL C-22 INSULATING BRICK 
for temperatures to 2000F 


Ideal where high load-bearing properties 
are needed, this type of Sil-O-Cel is calcined, 
and has a cold crushing strength of 700 psi. 
Conductivity is 1.88 Btu in./sq ft/F/hr 
at 1000F mean temperature. Density, 38 
Ib/cu ft. 


SH-O-CEL SUPER INSULATING BRICK 
for temperatures to 2500F 


A calcined insulating brick for unusually 
high temperatures. In many cases, it is also 
possible to save on construction costs by 
reducing the thickness of fire brick or in- 
sulating fire brick when backed with Sil-O-Cel 
Super Insulating Brick. Conductivity is 1.95 
Btu in./sq ft/F/hr at 1OOOF mean tem- 
perature. Density, 40 Ib. /cu. ft. Cold crushing 
strength, 300 psi. 


For further information, write to Johns- 
Manville, Box New York, N. Y. In 
Canada, write 199 Bay St., Toronto 1, Ont. 


6) 





Johns-Manville foil INSULATIONS 
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4 Important Production Advantages 
with New [pS@M HEAT TREATING UNIT 


Designed for carbonitriding, carburizing, hardening, brazing, and mar- 
tempering, new Ipsen Automatic Production-Type Heat Treating Units offer 
outstanding production and metallurgical advantages in processing a wide 
variety of workpieces. The features outlined below are essentially the reasons 
why more than 95 plants in the past two years have selected, and are today 
using, Ipsen Equipment to speed heat-treating operations and cut costs: 


] AUTOMATIC OPERATION — from heat 
through quench (or cooling), reduces 
work handling, eliminates guess work, 
assures uniform results on a production 
basis. 


2 BRIGHT, CLEAN, SCALE-FREE WORK — 
with sealed atmosphere control. Eliminates 
cleaning and processing operations prior 
to and following heat-treatment, effects 
substantial savings in production costs. 


IPSEN 


INDUSTRIES, 


3 CRACKING AND DISTORTION REDUCED — 
by controlled quenching with two-speed 
oil circulation and automatic temperature 
regulation. 


4 FAST, EFFICIENT PROCESSING — versatile 
and easy to handle variety of work, no idle 
time for change-overs, no danger of burr- 
ing or marring, quick burn-off. Saves time, 
increases output. 


Write topay FOR MORE FACTS ... 


YOU CAN HANDLE JO8S 


LIKE THESE PROFITABLY 


IN THE | 


psen 


yf 


y 4 


—_ 


Geor — mer ey 


Release Lever— 
carbonitrided 600 
per heet. 


i 


ing eliminated. 


Heavy 


Ask for free bulletins and 


find out how Ipsen Heat-Treating Units and methods can be applied to 


your work. 
be run, proper procedures established, 
without obligation. 


INC. 723 South Main Street, 


Production Units for CARBONITRIDING - CARBURIZING - 


Rockford, 


HARDENING - 
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If you wish, samples or production lots of your work will 
and results predetermined 


iIlinels 


Biest- 


Bull 
SAE 8620 — 


BRAIING - 


Plier Segment — 
C1060 Clean herd- 
ened. Finish Grind 
eliminated. 


Valve — C1020 
welded to C1045— 
ree oe end 
Retop 
me --_y 
eliminated. 


iv 


Geer Pinions 
carburized 39 
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NIALK” TRICHLORethylene 
is your best buy for Fast, 
Low-Cost metal degreasing 


1. QUICK ACTING... Cleans and dries in record time. And after 
rapid degreasing of surfaces, metal is warm, dry and ready 
for further processing. 





2. SAVES MONEY ON POWER... Low boiling range means quick 
vaporization. Can be heated by gas, steam, or electricity. 
Produces a concentrated vapor at only 188°F. 


3. SAVES MONEY ON SOLVENT... High vapor density means 
proper vapor level will be maintained in the degreasing 
machine. Result: more efficient cleaning with low solvent 


loss. 


4. NON-FLAMMABLE... At room temperature there’s no worry 
about fire when you take the ordinary precautions required 
in the handling of any chlorinated hydrocarbon. 


5. STABLE... NIALK TRICHLORethylene can be used for all- 
purpose degreasing. 


6. ECONOMICAL .. . Completely re-usable after distillation. 


Make sure your metal parts are 100% grease-free. NIALK TRICHLORethylene 


leaves them clean, warm, dry, ready for immediate electroplating, painting, enameling, 


lacquering, rustproofing, heat treating, pickling, inspection or assembling. 


NIAGARA ALKALI COMPANY 


60 East 42nd Street, New York 17, N. Y. 


NIALK Liquid Chlorine NIALK Caustic Potash . NIALK Carbonate of Potash + NIALK Paradichlorobenzene 
NIALK Caustic Soda . NIALK TRICHLORethylene . NIAGATHAL” (Tetrachloro Phthalic Anhydride) 
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HEVI DUTY ELECTRIC CO. 

A CARBOFRAX silicon carbide muffle is used in 
this electrically heated, laboratory furnace. Tempera- 
tures range from 2000 to 2600 F. The furnace is used 
for heating metals, firing ceramics, hardening tool 
steels, making ash determinations, and for general 
laboratory work. If desired, the muffle can be sealed 
and an artificial atmosphere used. Being made of 
CARBOFRAX refractory, the muffle conducts heat rap- 


idly, resists cracking and abrasion, and has a long life. 


BARKLING FUEL ENGINEERING CO. 


The hearth of this furnace is made of CARBOFRAX tile. This 
is a gas fired, heat treating furnace used for general heat treat work. 
Operating temperatures range from 1500 F to 1900 F. In this 


application, the hot strength and unequaled abrasion resistance 


of CARBOFRAX refractories plus their high thermal conductivity, 
are the properties most needed. 


Somopliee 











in almost every heat treating furnace 


you'll find Super Refractories by 


CARBORUNDUM 


Trade Mork 


GENERAL ELECTRIC CO. 


The roof, hearth supports, and hearth of 
this furnace are all made of CARBOFRAX tile 
Operated at 2400 F, this electrically heated, ro- 
tary hearth furnace is used for heat treating mag- 
nets in a protective atmosphere. The high thermal 
conductivity and low gas permeability of CARBO- 
FRAX tile are perfect for a furnace of this type. 
So, too, is its very superior hot strength, which 
keeps the roof and the hearth from warping or 
sagging. 


Dept. C-92, Refractories Div., The Carborundum Co., Perth Amboy, N. J. 
“Carborundum” and “Carbofrax” are registered trademarks which indicate manufacture by The Carborundum Company. 
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Conversion to liquid carburizing shortens process cycle 
...@liminates need for plug quenching 


MPROVED QUALITY in heat treating at lower oper- 

ating costs! That’s the report from Wisconsin 
Axle Division, Timken-Detroit Axle Co., where a 
liquid system has replaced pack carburizing. Com- 
pact in size, this firm’s “‘in line”’ liquid carburizing- 
martempering unit has substantially shortened the 
process cycle . . . produces cases of uniform depth 
and hardness on transmission gears. Production has 
increased. Manual handling of parts has been re- 
duced. And distortion is held so low that press and 
plug quenching have been eliminated. 

Liquid carburizing units are low in initial cost 
and can be readily adapted to mass production 
methods. The fast, even heating properties and ac- 
curate temperature control possible with these units 
reduce the danger of overheating and assure uni- 
form cases—even when parts have extremely irreg- 
ular sections. And distortion is held to a minimum 


DU PONT 
CYANIDES and SALTS 
for STEEL TREATING 
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by the buoyancy of the bath. 

Perhaps your plant can profit by converting to a 
molten salt bath process. Get in touch with your 
nearest Du Pont office today. Our technical repre- 
sentatives will be glad to help you on heat treating 
problems, selection of materials, and the planning 
and layout of equipment. E. I. du Pont de Nemours 
& Co. (Inc.), Electrochemicals Dept., Wilmington 
98, Delaware. 

© * * 


There’s a Du Pont molten salt bath for every 
heat treating need. Sodium Cyanide, Accelerated 
Salt WS,* and Carburizing Salt—for shallow, me- 
dium and deep cases—are just three of the Du Pont 
heat treating materials that can mean top produc- 
tion and maximum economy for your plant. 
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Better Things for Better Living . . . through Chemistry 
ELECTROCHEMICALS DEPT. DISTRICT OFFICES: 
Boston, Charlotte, Chicago, Cincinnati, Cleveland, De- 
troit, El Monte (California), New York, Philadelphia 














Detroit ®ocxine Electric Furnaces build 


long service record—melting bronze 
for the Jeffrey Company foundry 


At The Jeffrey Manufacturing Company, Columbus, five Detroit Electric 

Furnaces have made excellent records melting bronze for worm wheels, 

bearings, bushings, electrical contacts, and pressure-type castings. In hun- 

dreds of other foundries, Detroit Furnaces are doing equally outstanding 

jobs melting bronze, iron, and steel alloys. 

Detroit Rocking Electric Furnaces turn out fast melts of uniform high 

quality metal. Close control of analysis produces metal of desired analysis 

time after time, with optimum use of power. The melts are homogeneous, 

thoroughly mixed by the rocking action of the furnace. Electrodes are free 

of the molten metal at all times, reducing carbon pick-up to an absolute 

minimum. 

Long life of Detroit Electric Furnaces is documented by such installations 

as that shown. Economies are proven, too—accomplished by full use of 

power, less heat loss, reduced metal shrinkage, more heats per day, less 

metal waste per melt, and reduced out-of-production time because of longer Sette entiie, Guid i" ki 
refractory wear and easy shell replacement. action doe 1! Gt tis tots on ces 
Detroit Rocking Electric Furnaces are tailored to your operating needs. 


J a e Detroit Rocking Electric Furnaces can 
Capacities from 10 to 4000 pounds, for ferrous and non-ferrous melting. do for you! Send us your data now! 


DETROIT ELECTRIC FURNACE DIVISION 


KUHLMAN ELECTRIC COMPANY, BAY CITY, MICHIGAN 


Foreign Representatives: in BRAZIL—Equipament ndustrias, “Eisa” Ltd. Sao Pov CHILE, ARGENTINA 
PERU and VENEZUELA: M. Castellvi Inc 50 Bro sy, New York 7, N. Y.; MEXICO s Proveedora de 


Industries, Atenas 32-13, Apartado 27A3, Mex 6, D. F., Mexico; EUROPE, ENGLAND: Birlec, Ltd., Birmingham 
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HONEYWELL SUPPLIES MAN 


Made to highly uniform wall th 
in a variety of metals, alloys 


your HSM can 


styles from which 


R.C.SHUMACHER, Honeywell Supplies Man in the 
Cleveland area, recommends the correct Brown 
protecting tube for an angle-type couple in a lead 
pot at the L. R. Oatey Company .. . after outlining 
the benefits of the HSM plan for buying pyrom- 
eter supplies. 


You'll be pleased when you, too, learn how this 
plan can add new convenience and economy to 
your pyrometer supplies purchasing! 


Brour 


and refractory 


ckness hermocou ple protecting tubes are supplied 


materials in a wide selection of sizes and 


select the right one for your application 


There’s a Honeywell Supplies Man near you . 
at your local Honeywell office . . . as near to you as 
your phone. Call him in today . . . let him show you 
how the HSM plan can work in your plant. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., [n- 
dustrial Division, 4503 Wayne Avenue, Philadel- 
phia 44, Pa. Stocking points in Philadelphia, 
Cleveland, Chicago, Atlanta, Houston, Los 
Angeles and San Francisco. 


MIENN EAP OLIS 


Hone 


BROWN 


Important Reference Data 


WRITE FOR NEW PYROMETER SUPPLIES 


METAL PROGRESS; PAGE 62 


BUYERS’ 


ywell 


(INSTRUMENTS 


Fiat we Coutiol 


GUIDE NO. 100-4. 





wont rmti. 


CONTINUOUS 
PRODUCTION 


4 Ways 


WITH SPENCER 
TURBO-COMPRESSORS 


TWO 
BEARINGS 


There are good reasons why the annual instal- 
lation of Spencer Turbos has increased tenfold 
in ten years and why a recent analysis shows 
that repair parts amount to less than one dollar 
per machine per year. 


No. 1. The Spencer multi-stage construction allows 
ao smaller diameter machine with lower peripheral 
speeds of the fan blades and of the motor itself. The 
wear on the bearings is therefore cut to a minimum. 


No. 2. The only rotating contacts are at the two 
ball bearings, which if kept greased will assure satis- 
factory operation without work stoppages for many 
years. 


No. 3. Here is a machine as simple as an electric 
fan, with a rugged construction, as sturdy as a steel 
bridge and with wide clearances between the rotating 
elements and stationary parts. Users say “the Spencer 
goes on forever with little attention.’ 


No. 4. Balanced Impellers. Each fan is individually 
balanced before the machine is assembled. This de- 
creases the vibration, increases the life of the bear- 
ings and packing and produces quiet performance. 


35 TO 20,000 C.F.M.; 4 OZ. TO 10 LBS.; 1/3 TO 1,000 H.P. 


HARTFORD 
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THIS REVERBERATORY FURNACE is lined with a Norton 
CRYSTOLON* refractory cement, engineered to last longer on this 
particular metal-melting job. 


THIS TILTING CRUCIBLE FURNACE has a cover and lining made 
of a Norton CRYSTOLON refractory cement. It was engineered to 
fit this firm's individual requirements. 


Melt 
more metal 
per 
furnace-hour 


with refractory linings 
engineered for you 


Every time you interrupt your metal- 
melting campaigns to patch or replace 
your furnace linings, you lose production 
you never get back. 


That’s why just any refractory cement 
won’t do. You want the one cement that 
fits your requirements so exactly that it 
reduces interruptions to a minimum. 
Chances are, the one just-right cement 
hasn’t been made yet. 


That’s where your nearby Norton re- 
fractories engineer enters your picture. 
He’s ready to call on Norton Research . . . 
pioneers for 40 years in the development 
of special refractories for complicated 
high-temperature requirements. 


Working together, you and Norton 
Company are sure to arrive at the one 
CRYSTOLON, ALUNDUM, MAGNORITE* 
or FUSED STABILIZED ZIRCONIA 
refractory cement that fits your exact 
requirements. 


For more information about this special 
Norton service, call your nearby Norton 
refractories engineer, or write. Norton 
Company, 326 New Bond Street, Worces- 
ter 6, Mass. Canadian Representative: A. P. 
Green Fire Brick Co., Ltd., Toronto, 
Ontario. 


*Trade-Marks Reg. U.S. Patent Office and Foreign Countries 
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owes much of its high output to its 


NonenalwNouM‘rehcayeenen, | QPeCiIal REFRACTORIES 
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Making better products to make other products better 
NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 
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Fabricators looking for 
shipment-to-shipment 

STEEL UNIFORMITY 
have found it at 

Inland. 

The reason: 


Raw materials come 


from the same sources 


and finished products 


are rolled on the 


same mills 





by the same men. 


MAND STEEL COMPANY 
38 South Dearborn Street * Chicago 3, Illinois 


Sales Offices: Chicago * Davenport + Detroit + Indianapolis 


i Kansas City * Milwaukee « New York + St. Louis « St. Paul 
b : iiss ' 
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By A. L. Boegehold, Asst. to General Manager, Research Laboratories Div., General Motors Corp., Detroit 


ie SUBJECT “Selection of Steel for Auto- 
mobile Parts” has been discussed four 
times in the past 15 years by this author but 
each time with a somewhat different ap- 
proach, depending on the state of our knowl- 
edge of the subject. 

Now that all constructional alloy steels 
used for automotive parts have been classi- 
fied in terms of hardenability bands, we fre- 
quently hear the statement that two steels 
of the same or equivalent hardenability can 
be used interchangeably in an automotive 
part with equal performance in service. This 
statement is true only when the steel in 
question has considerably more hardenabil- 
ity and resistance to fatigue than is actually 
needed for the part. But if the steel used for 
that part has just enough hardenability to 
provide the necessary physical properties 
then I would hesitate to guarantee that a 
steel of equal hardenability, used for the 
same part, would give satisfactory service. 

Laboratory tests on steels determine 
tensile strength, yield strength and ductility, 
hardenability and hardness; but we can’t use 
those physical properties to determine how 
the steel is going to perform in service. We 
get some idea of the character of the steel, 
but that is all. To determine what the steel 
will do in a component part of an automo- 
bile in service, we have to make a simulated 
service test, or a service test of a completed 
ear at the proving ground. The reason for 
this is that laboratory tests on small stand- 
ardized specimens of simple shape do not 
represent the conditions that exist in the 
component. Furthermore, due to processing 
operations and processing treatments, there 
is a pattern of residual stress in the compo- 
nent which is not present in laboratory test 
specimens. There is also a pattern of stress 
concentration due to externally applied loads 
that is peculiar to the part in question. 

So possibly the question arises, “Of 
what use is hardenability if you can’t use 
it for selecting steels for service?” It helps 
us a great deal in picking out the steels to 
be used in a program of tests. Only the 
steels that will provide the component with 
the required hardness pattern can be used 
for service tests. The result of service tests 
will finally decide what steel is going to be 
used for manufacturing the part if there 
is no overpowering objection due to cost of 
raw material or its fabrication. 


Another thing we have to remember is 
that steels of different hardenabilities may 
not give different results in service in the 
same ratio as the difference in hardenability. 
For example, a steel of higher hardenability 
does not necessarily mean that it is going to 
perform better in service than a steel of low 
hardenability. The steel of lower harden- 
ability may require more drastic quenching 
to harden satisfactorily, but the hardness 
level will not be as high as obtained in a 


Selection of Steel 


for Automobile Parts’ 


higher hardenability steel; therefore, lowe 
tempering temperatures will be used to 
bring the part to the hardness level needed 
in service. Those different hardness pat- 
terns, as-quenched, and different tempering 
temperatures will result in different stress 
patterns in the tempered part, so their per- 
formance might be quite different. As a 
matter of fact, the lower hardenability steel! 
might perform better than the higher hard- 
enability steel at equal surface hardness, as 
a result of a more favorable residual stress 
distribution. 

Hardenability Versus Endurance Strength 

In a discussion of the then new “National 
Emergency” steels (later standardized as 
the triple-alloy steels from 86xx to 98xx 
available both to chemical specification and 
to hardenability limits), Harry B. Knowlton 
presented two graphs that bear directly and 
clearly on the points I want to make. He 
and his associates, F. Sailer and E. H. Sny- 
der, investigated 11 alloy steels made into 
2%4-in. axle shafts, all heat treated to obtain 
approximately the same tempered hardness 
at the surface. Performance was then com- 

*This article is the second and concluding portion 
of a talk presented to the Rochester Chapter, American 
Society for Metals, in March 1951, to the General Motors 
Metallurgical Committee in February 1951, and to a 
meeting of the department heads of the General Motors 
Research Laboratories that same month. The first in- 
stallment appeared in the August issue of Metal Progress. 
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Performance Tests Show Variation 


pared by subjecting the shafts to torsional 
fatigue. Figures 8 and 9, reproduced from 
the original article in Metal Progress for 
December 1943, contain the pertinent data. 

It will be noted in Fig. 8, showing the 
hardness traverses on centerline 
section of the shaft, that all of the steels 
have a about Rockwell 
C-34 and C-40 at the surface, which is the 
commercial limit for the shaft. 

Now observe the hardness curve of 1046, 


across a 


hardness between 


a plain carbon steel, and compare it with the 
curve for 8744 steel, a low-alloy Ni-Cr-Mo 
steel. There is quite a difference at the cen- 
ter, but at the surface the hardness is quite 
similar. In this diameter of section the 1046 
probably had to be drastically quenched with 
water to obtain enough hardness to end up 
with the hardness pattern shown in Fig. 8. 

The 8744 steel was oil quenched and 
drawn at a higher temperature than the 
1046. From Fig. 9, showing fatigue tests on 
full-sized axles, it that 1046 was 
comparable with the 8744, both being in the 
zone of “medium fatigue strength”. Any- 
thing that comes in this intermediate zone is 
considered more or less equivalent because, 
if a large number of shafts of the steels with 
the same heat treatment were tested to ob- 
tain more points, the spread would probably 
still be within this range. 


is seen 


So we have here 
an example where a low-hardenability plain 
carbon steel performs just as well as an oil- 
hardening steel with higher hardenability. 

Going back to Fig. 8, we can again com- 
pare steels of equal hardenability and equiv- 
alent hardness cross-section pattern by 
comparing 4140 with 7045. Similar treat- 
ment in quenching and similar tempering 
temperature would produce that hardness 
pattern in these two steels. 

Referring again to Fig. 9, to compare 
the fatigue test results for these two steels, 
we find 4140 again in the intermediate zone, 
but the arrowheads representing 7045 fall 
in the low zone of fatigue strength. Despite 
the large scatter in these results which pre- 
vents one from drawing an average line, a 
number of the tests on 7045 fall well below 
the curve drawn for 4140. This is an exam- 
ple in which steels of approximately equal 
hardenability, hardened and tempered to the 
same cross-sectional hardness, perform quite 
differently in a simulated service test. 

A third comparison can be made be- 
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Ultimate Strength, 1000 Psi. 


Torsion Stress, 1000 Psi 


Fig. 8 


Cross-Sectional Hardness (and 


Strength) of Axles After Heat Treating, Com- 
pared With Theoretical Distribution of Stress 
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Fig. 9 Torsion Fatigue Tests on 2%-In. O.D. 
Splined Axles, Made of Nine Medium Carbon 
Steels and Two Carburized Steels. Steels 
7028 and 7045 contain 1% manganese and 
0.28 and 0.41% molybdenum respectively 
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These three compari- 


sons all constitute evidence 
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Diagram : d . 
that performance in service 
function of 


is not a direct 


hardenability but is deter- 
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mined by several additional 
factors. 

In order to obtain a 
more 
of the 


steels in 


complete conception 
differences between 
terms of harden- 


ability and internal stress 
pattern, we should take into 
consideration all of their 
transformation character- 
To discuss this, use 
of Fig. 10, 
light 


the time-temperature-trans- 


islics. 


will be made 


which shows in line 








Mortensite Mortensite, 


Ferrite & Bainite 


Fig. 10—Schematiec Relationship of the End- 
Quench Hardenability Test to a Cooling Trans- 
formation Diagram Derived From Isothermal 
Data for a Typical Low-Alloy Steel (8630) 


tween 4140 (Cr-Mo steel) and 9445, a triple- 
alloy steel having 1.00 to 1.30% 
The latter is a high hardenability steel which 
probably the highest tempering 
temperature of any of the steels in this group 
the within the 
range of this test. 


manganese. 
required 


to bring hardness down 

Apparently the equivalent strength of 
$140 (160,009 psi.) is considerably less than 
the strength of the 9445 (about 185,000), as 
indicated in Fig. 8. On the basis of labora- 
tory tensile tests then, you would say that 
the 9445 should be more fatigue resistant 
than the 4140 steel. Figure 9 tells us that 
resistance to fatigue of these two is practi- 
cally equivalent when tested as full-sized, 
heat treated axles, judged by the fact that 
all the test results except two fall in the zone 
of medium fatigue strength. 


Ferrite & Bainite 


formation curve of &630 


FP” C-40 
te, Mortensite, 
Ferrite & Bainite 


steel, commonly called an “S-curve’, or a 
“TTT-curve”. The S-curve, as is well known, 
is determined by the time for 
transformation temperature is held 
constant. But in ordinary heat treating, as 
is equally well known, we don’t hold the 


measuring 
while 


parts at constant temperatures for transfor- 
mation except in very special treatments 
we cool in a quenching medium and so we 
get transformation at a constantly decreas- 
ing temperature. Transformation diagrams 
derived 
approximately from the S-curves as is shown 
in full lines in Fig. 10, or from 
quenched hardenability specimen.* 
Referring now to Fig. 10, four points 


for various cooling rates can be 


the end- 


*Eprtor’s Foornore 
transformation curve 
originated by C. A. 
Progress for January 1944. 


during continuous 


This method of deriving a 
cooling 
Liedholm and described in 


was 


Metal 


It should also be stated that 


the standard end-quench test for hardenability was first 
proposed by W. E. Jominy and A. L. Boegehold in 1937. 
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Correlation of Hardenability and $-Curves 


4, B, C 
chosen, representing several different rates 


and D on the hardenability bar are 


of cooling: A at the surface of the quenched 
part, B and C somewhat under the surface, 
and D at the center of a sizable piece. 

The corresponding cooling curves A, B, 
C, and D are shown imposed on the trans- 
Now the path of the tem- 
perature with time, through the various 
transformation zones, determines the final 


formation chart. 


hardness and the final structure shown at 
the bottom. At the top of Fig. 10 the hard- 
ness is represented on a curve showing 
hardness as a function of distance from the 
quenched end of the hardenability bar. 

We can consider that those four cooling 
curves represent the different modes of cool- 
ing at different points in a round or shaped 
bar that is totally immersed in the quench- 
ing medium, and will reveal what is taking 
place at varying distances below the surface. 
The zone in the transformation diagram 
through which the cooling curve is passing 
determines the nature of the transformation. 
When transformation of austenite begins, 
there is a volume increase; contraction is 
resumed with falling temperature after that 
initial volume increase. 

At some stage of cooling, when the sur- 
face has gone through the transformation, 
has expanded in volume, and has started to 
contract again, there is some other place in 
the cross section nearer the center which is 
beginning to transform and to expand. For 


Fig. 11 Gears Were Among the First Parts 
Made of Alloy Steels in Automobiles. Today 
they still are the type of parts which require 
careful selection, processing and treatment 
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example, point A at the surface starts to 
expand about 1% sec. after entering the 
quench, point B slightly under the surface 
about 2 sec. after entering the quench, and 
point D at the center does not start to ex- 
pand until it has been in the quench for 10 
sec. Completion of the transformation at 
the surface occurs before transformation at 
the center begins. These opposite volume 
changes occurring concurrently throughout 
the cross section are responsible for oppos- 
ing plastic movements which create the re- 
sidual stress patterns having so much effect 
on the performance of components. 

Some other steel could have much the 
same hardenability (as measured on this 
hardenability test specimen by the H-curve) 
but could also have transformation zones of 
different shape and size. The top line of Fig. 
10 that denotes the beginning of transforma- 
tion could be at a lower temperature and the 
areas wherein certain transformation prod- 
ucts are formed could be of different sizes, 
and the product could be different in micro- 
structure and still have the same hardness 
as obtained by the end-quench cooling curve 
as in the first example for 8630 steel. 

Thus, in some other steel of the same 
H-band hardenability, the quantities of sev- 
eral kinds of microstructural phases that 
form to produce the same hardness in the 
finished hardened part can be different; 
therefore, the type of structure, the volume 
associated with its formation, and the time, 
location, and volume change relationship 
can be quite different, steel to steel, even 
though both have substantially the same 
hardenability curve in the end-quench test. 
Consequently, the residual stress pattern can 
differ in heat treated parts made therefrom. 

One thing is sure and 
that is that the situation 
is very complicated SO 
much so, in fact, that it 
is manifestly impossible 
to study those transfor- 
mations and try to pre- 
dict how a piece of steel 
is going to perform in 

service. 
From what has been 
written above, and from 
tte the discussion in the last 
me issue of the relationship 
between the steel, its de- 
sign, shape of part, heat 
treatment and the endur- 





ance of the part in dynamic service, we can 
see that the final selection of the material 
for a certain component is not a simple pro- 
cedure. The design engineer is always 
interested in short-circuiting everything 
complicated if possible. Who isn’t? 
frequently requests come 


Very 
from engineers 
asking the metallurgist to prepare a chart 
or a couple of charts that will contain all 
the essential information for selecting steels 
for use in components. The engineer would 
like to have such a chart to help him make 
his own selection when drawing up the de- 
tails of the component parts. 


CONSTRUCTING A DESIGN CHART 


Such a table might be one in which the 
first column would give the desired tensile 
strength after quenching and tempering, and 
the second, third, fourth . . . columns would 
be headed ‘2 in., 1 in., 1% in., 2 in., and so 
on. In each of these columns, opposite each 
strength level, would be the designation of 
the standard steel which would develop that 
strength in the indicated size after “normal” 
heat treatment. 

While I am not prepared to state defi- 
nitely that such a chart would be of more 
harm in the hands of an unwary user than 
it would be of help to a careful engineer, the 
text and illustrations in these two articles 
will give some idea of the pitfalls. We must 
always appraise the state of the metallur- 
gical art not only as practiced by the 
steelmaker, but by the metals engineer in the 
shops fabricating machinery. 

For example, it was mentioned that 
automobile ring gears made of a rather ex- 
pensive, high-alloy steel were installed in 
one of our lowest priced automobiles up to 
10 or 12 years ago. One of its advantages 
was that, when quenched, it had a consider- 
able amount of retained austenite in its 
structure, a metallographic phase that is 
ductile enough so the gear teeth could con- 
form somewhat and give a good bearing 
against other teeth. Note that a consider- 
ably higher degree of accuracy in the gear 
shaper -—a purely machine shop operation 
was necessary before a satisfactory 
change could be made to a lower alloy, less 
expensive steel that could be heat treated to 
the same hardness pattern but would have 
much less retained austenite. 

It is an old saying that alloy in steel 


is very valuable to cover up sloppy heat 


Short Cuts for Designers 


treatment. This is another way of saying 


that economy in alloys (especially in time 
of emergency) must go hand in hand with 
advanced engineering in all phases of parts 
design and manufacture. 

This brings us back to an observation 
that the chart which designers are calling 
for would be one thing for the most ad- 
vanced practitioners and another thing for 
plants which are still operating in the World 
War | era. 

A specific instance, somewhat less com- 
plex in nature than a carburized ring gear, 
is the gas engine crankshaft. It is well 
known that one prominent American manu- 
facturer has had much success with a cast 
ing for this part. On the other extreme, | 
have before me a drawing for a forged 
crankshaft for a military vehicle specifying 
2,‘, in. diameter as forged, C-42 hardness at 
half radius as quenched, and C-20 to 26 
after tempering. To meet this hardness, as 
quenched, a steel with considerable alloy 
would be needed not only costly but dif- 
ficult to machine. 

The interesting thing here is that simi- 
lar crankshafts, C-20 to 26 hard as tempered, 
have been made of plain carbon 1045 steel 
for at least 30 years, and have operated 
very successfully. 

The practical question here relates to 
the proposed design chart. In the appropri- 
ate line under 242 in. diameter, would you 
put cast semisteel, 3140, or 1045? 

A much more feasible plan is one where 
the component is named and various sizes 
listed. Then a figure for minimum hard- 
ness at specified depth 
radius 


say center or half 
could be listed. This figure would 
be selected in the light of service experience 
acquired by various manufacturers. Then 
it would be the duty of the metallurgist, 
thoroughly familiar with the fundamentals 
involved, to select a steel which could be 
bought readily, would meet the hardness 
specification after quenching in the avail- 
able equipment, and would be most econom- 
ical in alloy consumption and machining 
and related costs. 

With the passage of time, revisions 
would undoubtedly be made in such a “Per- 
formance Requirements Chart” to bring it 
into line with actual practice. Such a chart 
would then be of great service to designers, 
engineers and metallurgists. Se 
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Reported by Bruce W. Gonser, Assistant Director, 


(Chairman, 


ryt MovERN tendency to buy and _ sell 
| metals according to analysis rather than 
by brand name has not yet reached as far as 
commerce in the metal tin. In fact, it is 
the only common metal not covered in this 
country by specifications. True, tin pur- 
chased by the Government for stockpiling 
is analyzed and classified, but that doesn’t 
apply to normal commercial purchases. Much 
of the delay in writing specifications for tin 
can be laid to our almost-total dependence 


The American Society 


for Testing Materials 


Looks at the Metal Tin 


upon foreign tin, and to the general feeling 
that the consumer in recent years was lucky 
to get tin of any analysis 

Now that there is a possibility of a free 
market for tin, the advocates of a systematic 
classification according to quality have been 
greatly strengthened, particularly since about 
half the tin now used in this country is pro- 
duced (smelted) here. So many requests for 
tin specifications have been received by the 
American Society for Testing Materials that 
Committee B-2 of that organization was asked 
to look into the possibilities of a specification 
which would be mutually acceptable to pro- 
ducers and consumers. As a result, a tenta- 
tive classification that could be used as a 
basis for specifications has been drawn; 
however, it may be some time before it is 
revised, accepted, and ready for publication. 

An associated activity of Committee B-2 
has been the organization of a short sympo- 
sium on tin that was given June 23 in New 
York during the A.S.T.M.’s 50th anniversary 
meeting. Some half-dozen papers were pre- 
sented, and a panel discussion on methods of 


analysis was held. The general purpose of 
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Battelle Memorial Institute, Columbus, Ohio 
A.S.T.M. Committee B-2 on Nonferrous Metals) 


this meeting was to overcome some wide- 
spread misunderstandings concerning the 
problems of tin producers, and the analytical 
difficulties which supposedly interfere with 
agreement between laboratories of buyers 
and sellers of high-purity metal. Finally it 
was hoped that information could be pre- 
sented on some applications of tin and the 
actual effects of minor impurities. 
F. S. Miller, vice-president of the Pacific 
Tin Co., opened the meeting with a useful 
and interesting discussion on tin de- 
posits, resources, and problems in 
production. In 1951, 60° of the 
known world production came from 
Southeast Asia Malaya, Indonesia, 
Thailand, Burma and Indo-China 
About 20° came from Bolivia, 13% 
from Africa, and the remaining 7‘ 
from China, Australia, Portugal and 
23 other countries. Surprising to 
many of those present were statistics 
showing that world production of tin 
in each of the past four years has 
been substantially in excess of con- 
sumption. A surplus of some 107,000 
long tons has accumulated in that time, and 
has been used largely to build reserve stocks 
in the United States. Scarcity of tin in this 
country has resulted, therefore, from the 
policy of building an even larger reserve or 
stockpile, rather than from any negligence 
of the producers in increasing production 
The present rate of overproduction of tin, 
amounting to 25,000) long tons annually 
more than 15% of the total in 1951), is a 
source of concern to producers, since ab- 
sorption of this excess in the U. S. stockpile 
will probably take place over a period of a 
relatively few years. 
Mining in Southeastern Asia has been 
largely by dredging (57°), with gravel 
pumping and “hydraulicking” accounting for 
35°. 3; only 5° of the tin comes from under- 
ground and open-cut mines. The trend in 
grade of the gravels worked in Malaya and 
Nigeria, and the ore in Bolivia, is downward 
See Table L.) It is expected that this de- 
cline will continue, and it may be necessary 
and practicable to dredge ground carrying 
only 0.2 Ib. of tin per cu.yd. Obviously, this 
means higher costs and will necessitate 












































































































Fig. 1 Tin Cans Gleam Like This 
Before They Reach the Grocer’s 
Shelf. (Photo by W. M. Kimball) 


greater operating efliciency, such as by 
deeper digging in low-grade deposits. 
The marked decline in grade of ore in 
Bolivia does not mean that the tin 
mines are being exhausted, but that the 











tious Chinese workers this constitutes 
further evidence that tin is alive and will 
grow if left undisturbed.* ) 

In Indonesia, new large dredges have in- 
creased the output to above the prewar level 
Some excellent tin recoveries have been re- 
ported by dredging submerged valleys off- 
shore. This going-to-sea in dredging opera- 
tions may open sizable new tin resources, 
since there is reason to believe that these 
shallow valleys frequently extend many miles 
offshore. Offshore dredging along the Thai- 
land coast likewise may be extended in the 
foreseeable future 

Known reserves of tin placers and ores, 
plus additional reserves which can doubtless 
be developed, indicate maintenance of tin 
production at present levels for as far ahead 
as we can see say 25 years. Geologically, 
there is no shortage of tin in the ground, 
and the engineering capacity to produce it 
exists. The complications come from cost 
of production and particularly from political 
considerations. The threat of Communist 
interference with tin production in South- 
eastern Asia is by no means remote. Neither 
is nationalization of mines in Bolivia-—— an 
event which would likely result in lower 
production efficiency 


Table | — Trend in Grade of Tin Ores 
or Tin Gravels Mined 





higher-grade veins are being followed 
into the huge reserves of lower-grade 
ores, Which will have to be worked 
whenever it becomes economically 
sound. H experience in copper mining 
is any criterion, engineering means are 


available for the cheap and expeditious 











handling of these low-grade ores. 

One of the big future problems in 
Malaya is the lack of prospecting for new 
tin-bearing areas. It is difficult enough to 
mine tin when constantly threatened by 
Communist guerrilla attacks, and each tin 
mine has become an armed camp; outside 
prospecting is just about impossible. This 
has handicapped planning for future devel- 
opment, but has encouraged reworking of 
previously mined ground. Reworking does 
not merely mean that poor work was done 
previously, but the nature of some of the 
workings is such that weathering has freed 
additional cassiterite. To some supersti- 






Sounct 1939-1940 1948 1950-1951 
Malaya, Ib. tin per cu.yd. 0.45 0.44 0.36 
Nigeria, lb. tin per cu.yd 1.62 0.73 0.50 
Bolivia, tin in ore 

Patino, Catavi Mine 2.31 1.60 1.20 
Hochschild Group 2.88 1.91 1.72 
Aramavo, Chorolgue Mins 1.55 3.30 1.40 
‘Average from two mines, unweighted. +1941. 
*Epiror’s Foornort In Herbert Hoover's fasci- 


nating “Memoirs” (the first volume entitled “Years of 
Adventure”) he describes some journeys to inspect some 
gold areas mined for centuries by the Chinese. “Spread 
over the valley were hundreds of mat-shaped stone mills, 
each propelled by an ever-circling pony or mule. These 
stone mills were the same as those that humanity has 
used to grind its grain since the days of Ancient Egypt. 
Each ground up a few score pounds of hard quartz a 
day, from which the free gold was washed out over a 
blanket. The tailings were zealously saved, for the 
Chinese believed that gold grew in them. Indeed it did, 
for with oxidation more gold was freed, and they were 
worked over and over.” 
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Tin-Plate in the Container Industry 


The tin-can industry is by far the largest 
consumer of tin, according to Richard R. 
Hartwell of the technical service division, 
American Can Co. About half of the primary 
tin used in the United States goes into the 
manufacture of tin-plate, and this is used 
Production of 
electrolytic tin-plate since 1940 has drasti- 


largely for can manufacture. 


cally reduced the amount of tin consumed. 
It is now only about 0.75 lb. per base box 
that is, a layer 0.000045 in. thick) compared 
to 15 Ib. in 1985 to 1940. The tin used in 
solder for side seams has been even more 
drastically reduced, from 37°% to less than 
5° tin. Use of differentially coated tin-plate 
electrolytic tin-plate with a relatively heavy 
coating for the inside of the container and 
a light coating for the outside) promises to 
extend this trend of conservation into the 
field of corrosive food packs, still occupied 
by hot dipped tin-plate. However, the cor- 
rosion shelf-life of food cans is controlled 
by many factors other than thickness of the 
coating. Hot dipped tin-plate has given con- 
sistently good protection, whereas individual 
lots of electrolytic plate of the same tin 
thickness may vary widely in shelf-life. The 
biggest factors seem to be the condition of 
the steel surface at time of plating and the 
proper adjustment of conditions in the plat- 
ing line. These factors, never closely de- 
fined, are now being brought under control 
commercially; hence, further displacement 
of hot dipped tin-plate by differentially coated 


Fig. 2 
Possible Wartime Production of Coffee Cans 
the Tin Shortage. 
for soldering. 
soldering station. 


— 


High Speed Soldering of Black Iron Plate Made 
Despite 
The seam needs only a strip of tin 
Cans are shown passing through 
(Photograph by American Can 


electrolytic tin-plate is to be expected. The 
importance of the steel surface has been 
shown by the fact that some lots of electro- 
lytic tin-plate have given better shelf-life 
than hot dipped plate with a coating two 
and a half times as thick. 

Another trend is toward the use of com- 
bination containers — those with enameled, 
lightly electrocoated ends, and hot dipped 
bodies. Side-seam striping of enameled cans, 
to give added protection to the seam when 
used with strongly corrosive products, is an- 
other means for getting the most out of a 
thinner tin coating. Use of materials not 
now produced for the container industry is 
also visualized. The long-term trend of 
economizing in tin by the container industry 
is far from finished, and it appears reason- 
able to expect that before long the average 
coating weight for tin-mill products will be 
closer to a third the prewar average than 
the present half. 

Grade A tin is conventionally used for 
plate, and there is no reason to suspect that 
anything is to be gained from the corrosion 
viewpoint by going to higher purity. More- 
over, the electrolytic process itself gives a 
more refined and therefore 


highly purer 


coating than does the hot dip process 
COATINGS OF TIN ALLOYS 


Other types of tin coatings were described 
in a paper by F. A. Lowenheim of Metal and 
Thermit Corp. This field offers considerable 
promise for expansion, particularly in the 
electrodeposition of tin alloys. 
Plating of tin-lead or solder 
from fluoborate electrolytes 
has some useful applications. 
— \ coating of 85% copper and 

15% tin is a useful stop-off 

when nitriding steel, and a 
similar composition with about 
10% tin has been used in Great 
Britain and elsewhere as an 
undercoat in chromium plat- 
ing. Speculum or white 
bronze (45% tin, 55% copper) 
provides a bright, decorative 
coating that requires no buff- 
ing and is superior to silver in 
tarnish resistance. Tin-zine is 
replacing some cadmium plate 
and is easily soldered. Tin- 
cadmium is being used by the 
Navy for severe corrosive serv- 





ice. A recent development by the Tin Re- 
search Institute is a bright coating of 65% 
tin and 35% nickel that has outstanding re- 
sistance to atmospheric corrosion; if tin can 
be made available, widespread commercial 
applications are very likely to follow. 

Tin has been co-deposited with gold for 
color, and with silver to retard tarnishing. 
Possibly one of the most interesting appli- 
cations (although minor from a_ tonnage 
standpoint) is the use of a flash coating of 
tin over platinum, no less, to improve the 
appearance of jewelry. 

Electrodeposition provides a high-purity 
tin which is more prone to transform from 
the white to the gray allotropie form. Con- 
sideration has therefore been given to co- 
depositing little bismuth or 
antimony when any possible chance of trans- 
formation must be prevented. 


purposely a 


Metal spraying, immersion in an aque- 
ous bath, decomposition of a volatilized tin 
compound, and variations in electrodeposi- 
tion provide wide ranges for tin and tin alloy 
coatings to fit almost any condition. 


AUTOMOBILE BODY CONSTRUCTION 


Homer C. Pratt, project engineer with 
the Fisher Body Division of General Motors 
Corp., described the problems encountered in 
soldering automobile bodies. For “tinning” 
the steel surface along joints and welded 
seams, a satisfactory flux consists of 74 to 
95°. zine chloride, 19% 
nium chloride, and 5% 


(maximum) ammo- 
wetting agents and 
This is mixed with 
water and solder powder to form a suspen- 
sion that is readily applied with a 
brush. 


stabilizing compounds. 


paint 
The steel surface is then heated to 
melt the solder, and the molten solder is 
wiped with a cloth to give a surface suitable 
for filler material. Tin for the latter is from 
15 to 30°7, usually near the upper limit. This 
procedure has saved more than 50% of the 


weight of bar solder commonly used prior to 


1946, even though the tin content of the 
solder (filler) has remained about the same. 

Ten years ago filler solder (applied in 
quantity to fill irregularities) 
20% tin, 1% 
Tin was drastically restricted 
for this purpose in the war years; after try- 


larger was 
composed of antimony, re- 


mainder lead. 


ing many other lead-base alloys, a composi- 
tion has been adopted that consists of 2.5 to 
1% tin, 4 to 5.25% 

remainder lead 


antimony, 0.6% arsenic, 


Filler solder is usually sup- 


A.$.1.M. Tin Symposium 


plied in small extruded bars which seem to 
retain a finer grain after melting than cast 
bars. (The reason for this is not clear.) 
This solder has reduced by 82% the amount 


of tin used in filler material. 
ANALYSIS OF TIN 


Production of high-purity tin is accom- 
panied by the problem of finding dependable 
methods of analysis for the impurities. A 
paper by Marie Farnsworth and Joseph 
Pekola of Metal and Thermit Corp. recom- 
mended methods of analysis for each of 
many impurities. A big analytical advantage 
with tin is that it can be readily removed 
from impurities 
mony) by 


(except arsenic and anti- 
volatilization as the bromide. 
Colorimetric methods seem to be the best 
means for determining impurities after vola- 
tilizing the tin. 

In the ensuing panel discussion of ana- 
lytical methods, it was brought out that spec- 
trographic analysis of tin has been 
brought to a high state of development. Thus, 
comparatively simple and accurate analytical 
procedures, both by the spectroscope or by 
wet means, appear to be available. Estimates 
of cost compare favorably with those for 
chemical 


also 


analysis of other common non- 
ferrous metals. 

The effect of impurities on the perform- 
ance of tin was evaluated by F. J. Dunkerley 
of. the University of Pennsylvania in a 
compilation of data from existing literature. 
While this paper is not amenable to concise 
summarizing, one obtained the impression 
that most of the impurities in tin can be 
tolerated in rather large amounts, depending 
upon the application. 
could = differ 


bronze, and for 


For example, restric- 


tions widely for 


solder, for 
bearing metals, and any 
classification of impurity tolerance certainly 
would have to consider the intended use 
Much more precise information on the effect 
of impurities is needed. 

A more complete account of this sym- 
posium will be published by the American 
Society for Testing Materials as a “Special 
Technical Publication”. The six papers re- 
viewed here will be printed in full, together 
with the information brought out in the 
panel discussion on Analysis of Tin. Publi- 
cation of the symposium is tentatively sched- 


uled for late fall. (~} 
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‘rITH TODAY’s emphasis on metals for 
W elevated-temperature use in rockets, 
turbines, and atomic reactors, the problem 
of sealing is acute. An extensive amount of 
practical information concerning the scaling 
of metals has been accumulated during the 
past fifty years. This article presents a few 
reasonable generalizations which have been 
derived from this information, together with 
facts which appear to be anomalous. 


Anyone who has handled corroded metals 


A Generalized View 


of the Scaling 


Behavior of Metals 


has observed that the texture and character 
of the seale can vary considerably. Some- 
flaky; 
Oxides range in thick- 
ness from a few hundred Angstroms, which 
will produce interference tints on the metal, 
half-inch or 


times it is porous and sometimes 


dense and adherent. 


to a more. Experience has 
taught that the dense, adherent scales are 
protective and prevent direct contact between 
metal and oxygen. Such scales interfere with 
further oxidation, and the most protective 
scales are those that most effectively stifle 
growth. In contrast, loose, porous scales 
permit rapid and unhindered oxidation. How 
scales of such variety form and grow is a 
matter of considerable importance. 

In metal scaling research four definite 
scale growth equations have been accepted. 
They are called 


‘growth laws” and in the 
order of decreasing frequency of use they 
are: the parabolic, the linear, the logarith- 
mic, and the cubic 

The first is the result of diffusion con- 
trol. When the scale is nonporous, contact 
between metal and air is maintained by dif- 
fusion either of metal ions outward to the 


*The parabolic equation is accurate for a flat sur- 


By James T. Waber, Los Alamos Scientific Laboratory, Los Alamos, N. M. 


scale-gas interface or of oxygen ions inward 
to the scale-metal interface. Reactions con- 
trolled by diffusion follow a parabolic growth 
law* represented by the equation 
y? = 2Dt (1) 

where y is the scale thickness, t is the elapsed 
time, and D is the diffusion coefficient. An 
increase in the scale thickness decreases the 
diffusion rate; therefore the scaling reaction 
slows with increasing time. 

When the oxidation or scaling rate is 
constant and unaffected by a decelerating 
diffusion process, the linear growth law is 


observed: y k,t 
: 1 


(2) 
where k, is the linear rate constant. If cor- 
rosion follows this trend, it is generally the 
basis for deciding that the oxide is porous 
and that oxygen migrates easily to the metal 
interface. 

The logarithmic expression, 

y = k,, log (at + 1), (3) 
associated with the most protective oxide 
layers, occurs less frequently; k, and a are 
constants appropriate to the material and 
the test temperature. 

In this logarithmic relationship the scale 
has certain electrical properties which, in 
addition to causing very high electrical re- 
sistance, virtually prevent diffusion at low 
temperatures. Cations, anions, and electrons 
can carry current in the scale. In general, 
the principal part of the current is carried 
by one of these charged particles. Theoreti- 
cal studies of oxidation have demonstrated 
that to maintain electrical neutrality the 
charge must be carried by electrons and by 
one of the ion types. When the migration 
of positive ions is slow compared with that 
of the electrons, and the anions do not dif- 
fuse, the positive ions “pile up” in the film. 
The resulting positive field, called a space 
charge, opposes the further migration of 
positive ions into the film. The occurrence 
of a large space charge retards diffusion. 
When continued ionic flow is not possible 
because of the space charge a logarithmic 
law is followed. 

N. F. Mott predicted the cubic growth law 

y* = k,t (4) 
from theoretical studies made in connection 
with the logarithmic equation (Transactions 
of the Faraday Society, Vol. 36, 1940, p. 
$72). 


face, but different equations are appropriate for cylin- 


He suggested this relationship for 
drical and spherical shapes. 


temperatures above 325° C., where the log- 
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arithmic law could no longer be expected 
to hold — that is, where the space charge 
interferes less with diffusion. 

Mott also predicted that a parabolic 
equation would result at high temperatures 
when diffusion is unimpeded by the space 
charge in the scale. Hence, the cubic law 
holds in a limited range of temperatures 
intermediate between those for the log- 
arithmic and parabolic laws. 

W. E. Campbell and U. B. Thomas 
were the first to observe the cubic law 
experimentally. In Transactions of the 
Electrochemical Society, Vol. 91, 1947, p. 
623, they showed that between 125 and 
250° C. copper oxidizes in this manner. 
Work done at the Los Alamos Scientific 
Laboratory indicates that both tantalum 
and titanium may follow the cubic equa- 
tion throughout a narrow range of tem- 
peratures. This law has not been studied 
in detail, and it is premature to regard 
Mott’s explanation as firmly established. 

Typical curves for these growth laws 
in Fig. 1 show why the metals which cor- 
rode by the linear law are less desirable 
for high-temperature use, and why those 
obeying the logarithmic and cubic laws 
are the most desirable. 

A graph of experimental data obtained 
at only one temperature can help determine 
which of the four equations represent such 
data best. The logarithm of the weight 
gain is plotted against the logarithm of 
the elapsed time. A straight line of char- 
acteristic slope results for the linear, the 
parabolic, and the cubic laws. These three 
equations (1), (2) and (4) can be repre- 
sented by the general relation 


y* =k. (5) 


With this equation in logarithmic form 


1 1 . 
log y log t + — log k,, (6) 
n n 


it can be seen that the slope of the iso- 
thermal data is 1/n. The effect of an in- 
crease in temperature is to increase the 
value of k, and therefore to shift the line 
upward. As long as a single law is obeyed, 
a family of parallel lines represents the 
data for several temperatures. 

The logarithmic law, however, can- 
not be put into the general form of equa- 
tion (5). It leads to a concave curve on a 
log-log plot, as shown in Fig. 1. 

Pilling-Bedworth Ratio — In 1923 N. B. 
Pilling and R. E. Bedworth (in Journal, 


Mathematical Growth Laws 


Institute of Metals, Vol. 29, p. 577) showed that 
certain metals oxidize linearly with time while 
others oxidize parabolically; they concluded 
that the relative volume of the oxide dictates 
the behavior. For example, the oxide of a light 
metal such as calcium is denser than the metal. 
The growing oxide occupies less space than the 
metal consumed, and therefore it is porous and 
under tension. Since metal oxides are generally 
not very ductile, fissure cracks are to be ex- 
pected. Either pores or fissures offer easy 
paths for air to get to the metal, so the oxidation 
can proceed unimpeded. If, on the other hand, 
the oxide occupies more space than the metal 
from which it comes, the film will grow under 
lateral compression. As long as the film re- 
mains firmly attached it will be nonporous, and 
the reaction between the metal and gas will be 
controlled by diffusion through the scale. A 
parabolic law is therefore to be expected under 
such circumstances. 

Pilling and Bedworth proposed that the 
ratio between the molecular volume of the 
scale (or oxide) and the volume of the equiva- 
lent number of metal atoms determines which 
law will be obeyed. 

P-B ratio Mo, (7) 
wherein p, is the density of the compound, p,, 
is the density of the metal, and M is the gravi- 
metric factor for the oxide (gram-molecular 
weight of the oxide divided by gram-atomic 


Fig. 1 Log-Log Plots of the Four Equa- 
tions Expressing Growth of Scale Thick- 
ness y With Time t. The value 7 was se- 
lected for the constant in the logarithmic 
curve in order to locate this curve be- 
tween the cubic and the parabolic curves. 
The constant in the other three is 10 
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Pilling-Bedworth Ratio 


weight of the number of 
metal atoms in the oxide). 
When the P-B ratio is 
greater than one, the ox- 
ide will be under lateral 
compression. Figure 2 


T T Effects of Temperature 
ad ay nd on Scaling Reactions — It 


has been indicated thai 
the effects of tempera- 


OF 
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+—+ Copper —~-+— 
at 800% 


ture on scaling may be 
quite complex. It is true 


Ss 


| Calcium that sealing is either a 
— ot 500°C. chemical reaction rate 
process or a diffusion rate 
process. Both types of 


shows that calcium, an : 


ultra-light metal, oxidizes 


linearly with time, where- process conform to the 


Weight Increase, Mg./Sq.Cm 


% A HD ® 


as copper, whose ratio is Arrhenius expression: 
greater than one, follows 


the parabolic law. 











hk A Q/Rt (8) 


of 


sas FE fF 
Pilling and Bedworth Time in Hr 


discussed only the para- 


where k is the rate or dif- 
Fig. 2 Growth of Oxide on Cal- fusion constant, Q is the 
bolic and linear laws. cium at 500° C. (930° F.) Follows a magnitude of the temper- 
However, the logarithmic Linear Relationship; Equation (2). 
Copper at 800° C. (1475° F.) follows ae . ; \ 
; a parabolic relationship; Equation energy of activation), . 
included in the P-B rule (1). Note Cartesian coordinates equals the constant fre- 
because of their growing rather than logarithmic as in Fig. quency factor, R is the 
1. (After Pilling and Bedworth) 
molecular gas constant, 


ature dependence (the 
and cubie laws should be 


importance. From the 
preceding discussion it is and T is the absolute 
evident that either the logarithmic, cubic, or temperature. 
parabolic relationship can hold if the P-B 
ratio is greater than one, but only the linear 
law can apply if the ratio is less than one. 
The rule, however, provides no basis for de- 


Since this is an exponential 
equation, a straight line will result when 
log k is plotted against the reciprocal of the 
temperature. 

J. S. Dunn was one of the first to apply 


ciding which of the three laws is applicable the Arrhenius expression to corrosion data. 
when the Pilling-Bedworth ratio is greater 


Figure 3, taken from his paper in Proceed- 
than one. 


ings of the Royal Society, Vol. IIL, Series A, 

This concept of the P-B ratio has been — 1926, p. 209, illustrates the straight-line 
useful in solving sealing problems, although character of several such graphs. 

Assuming that equation (8) holds, a 
few determinations of constant k could be 
made at different temperatures, and the 

speed of the sealing could then be pre- 
Fig. 3 — Arrhenius Plots of a Large Num- dicted over a wide range of temperatures 
ber of Results of Scaling Experiments 
at Various Temperatures. (After Dunn) 


a number of inconsistencies have been noted 
and it may be necessary to modify the 
hypothesis in the light of experience. 


by extrapolation. However, one cannot 
safely extrapolate data reported in the 
literature in this way, because the 
growth rate process is frequently de- 
pendent upon temperature. When the 
process changes, the temperature de- 
pendence also changes, and the Arrhe- 
nius plot does not consist of a single 
straight line. For example, Fig. 4 shows 
such an abrupt change in slope derived 
from a recent investigation. It indicates 
that titanium changes from the logarith- 
mic to the parabolic law at about 360° C. 
Other examples of metals that demon- 
strate this change in growth process 
are listed in Table I. 

Since the extrapolation of low- 


aor eeu . a6 6 temperature data is not justifiable, the 


4 (Absolute) only safe procedure is to obtain experi- 
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Fig. 5 Log-Log Plot of Data on the Oxi 
dation of Stainless Steel in Oxygen-Nitro 
gen Mixtures at 980° C. Illustrates That the 
Rate Law May Change During the Test. 
(After McCullough, Fontana, and Beck) 








OOn 
210 /90 170 150 4/30 =O : , 
1 yp reaction speeds up because it is unimpeded 
Tabsolute by the thick diffusion layer. 
Fig. 4 An Arrhenius Plot of Data for the Oxi- Most of the examples already cited are 
dation of Titanium Illustrates the Change in deviations from the P-B rule. Pilling-Bed- 
Slope Which Accompanies a Change in the Rate 
Equation. After Gulbransen and Andrew) 





worth ratios for a number of pure metals 
and their oxides are given in Table II on the 
following page. 

Aluminum, with a P-B ratio of about 
1.3, would be expected to obey a parabolic 
law. (As already indicated, logarithmic, 
parabolic, and linear laws may be observed, 


mental data in the range of temperatures 
anticipated in service. 

Effects of Time -— A less frequent occur- 
rence is a change of growth law with time. 
In a study of the oxidation of tantalum at 
low temperatures, the rate appeared to be 
parabolic for 500 hr. For the same speci- 
mens over an entire 1500-hr. period a log- 
arithmic law was found to be necessary. 

H. M. McCullough, M. G. 

Fontana and F. H. Beck re- Table I— 
ported on “Formation of Ox- 
ides on Some Stainless Steels MeTAL LOGARITHMIC Cus PARABOLIC 
at High Temperatures” in adhe <300° C. 300 to 450° C. 500° C. 
Transactions @, Vol. 43, 1951, Caleium 330 to 385 425* 
p. 404. When heated in nitro- Cerium 30 to 125 125 to 190 
gen-oxygen mixtures, the steel Copper <50 80 to 250° C. > 250 

oxidized in a smooth linear Magnesium <450 475 
Tantalum 300 275 to 350 > 350 


Thorium 250 to 350 350 to 450 
Titanium <360 ~360 360 to 820 > 820 
erated and later slowed down Uranium? 112 to 167 165 to 215 


(Fig. 5). It is believed that the Zine <350 > 350 


oxide ruptures after it reaches : . - 
} ? * Accelerating period followed by a linear law. 
a certain thickness and the +Above 215° C., attack accelerating with time. 


one after another, as the temperature is in- 
creased.) Copper, which has a P-B value of 
1.74, oxidizes by logarithmic, cubic, and par- 
abolic laws. Iron is known to follow a loga- 
rithmic equation at low temperatures, but 


Metals With Growth Laws Dependent Upon Temperature 





LINEAR 


fashion for several hours, after 
which the rate suddenly accel- 
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Table Il — P.-B. Ratios {or Some Pure Metals and Their Oxides 





. : DENSITIES 
parabolic at high tempera- - 


tures. Lithium, despite its 
low P-B ratio of 0.566, fol- 
lows the logarithmic rela- 


GRAVIMETRIC 
FACTOR 


COMPOUND P.-B. Ratio 


ComMPOUND Merat 


ALO. 3.5 to 3.9 
Corundum 4.0 
tionship even in the vicinity BeO 


1.89 1.31 to 1.46 
Yo 1.28 
1.705 
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of its melting point. 
nesium, with a P-B ratio of 


Mag- CaO 
Ca(OH), 
CeO, 
CuO 
CuO 
equation as the test temper- FeO 
FeO, 
Fe,.O, 
L.i,O 
: 2 LiOH 
cubic, parabolic, and linear Li,.N 
laws. Stainless steel Type MgO 
304 follows a Mg (OH), 
quation near room temper K,0 
e atio ear roo e yerT- y 

l pe SiO, 
Na,O 
Ta,O, 
papers by TIO 
D. Cubiciotti in Journal of TIOH 
the American Chemical So- Tho, 
° y =e - , 0, 
ciety (Vol. 73, 1951, p. 2028; | 110: 
V we oro a ZnO 
ol. “4, 1952, p. 577, 1080, ZrO, 
1201) give additional exam- 


0.785, follows first the para- 
bolic and then the linear 


Titanium, 
with a value of 1.76, follows 


in sequence the logarithmic, 


ature is raised. 


logarithmic 


ature, and a linear equation 
at 980° C, 
Four recent 
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ples of growth laws chang- 

ing from the parabolic to the linear type. 
He shows that calcium oxidizes parabolically 
in the region 330 to 385°C. Above 425° C. 
the oxidation follows the parabolic law for 
about 5 min. then accelerates and generally 
levels off to a linear relationship after an 
hour. Cerium follows a parabolic equation 
from 30 to 125°C. and a linear equation 
from 125 to at least 190°C. Cubiciotti be- 
lieves that uranium follows a parabolic law 
in the range from 112 to 165° C. 
one from 165 to 215°C. 
noted an 


and a linear 
Above 215° he 
accelerating type of attack in 
which n is less than one. Thorium obeys 
a parabolic law in the range 250 to 350° C., 
and a linear one from 350 to 450°C. Of 
these 11 metals, only iron and copper seem 
to obey the rule for all temperatures. 

Iron and copper oxidize to form stratified 
layers of different oxides, and the proportion 
of each oxide changes with temperature. In 
these complex cases, the P-B ratio is satisfied. 
However, aluminum and magnesium violate 
the rule, although only one oxide of each is 
known. When simple cases do not obey but 
complex ones do, some doubt about the use- 
fulness of the rule arises. 

The alkali metals are ultra-light and 
therefore should oxidize by the linear law 
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Lithium, the lightest, is an excellent material 
for testing the validity of the P-B rule. Pre- 
liminary tests indicate that the behavior of 
Although the P-B 
ratios for Li,O and Li,N are similar in 


lithium is anomalous. 


magnitude, the reaction with oxygen is very 
slow, even at 100°C., whereas the reaction 
with nitrogen is very rapid at room temper- 
ature. At 146°C. in dry oxygen, a logarith- 
mic growth law is observed. 

In a study of the effects of dry nitrogen 
on lithium it was found that the reaction did 
not proceed smoothly over the entire metal 
surface, but spread from nuclei. Time lapse 
pictures are being taken in an effort to find 
Although 
more work needs to be done, it appears that 


out more about these phenomena. 


water vapor and oxygen inhibit the corrosion 
reactions of lithium. Thus, lithium seems to 
be quite different from most metals, which 
generally corrode faster in the presence of 
water vapor, and usually react with oxygen 
instead of nitrogen when exposed to air. 

In conclusion, the idea that the ratio of 
the oxide-to-metal volume indicates whether 
scaling should take place by one growth law 
or another has proved to be only partially 
successful. Temperature and time have pro- 
found effects, not vet clearly understood. © 





By M. Frager and H. A. Evangelides, Chemical Engineers, Frankford Arsenal, Philadelphia 


yHeE HAE process electrolytically produces 
1 on magnesium or magnesium alloy sur- 
faces a nonmetallic coating typically one to 
two mils thick (0.001 to 0.002 in.) that is 
both hard and very adherent. This process 
was developed at the Pitman-Dunn Labora- 
Department of Frankford Arsenal, 
Philadelphia, and bears the initials of Harry 
A. Evangelides who is responsible for deter- 


tories 


mining the key to its operation. Its combi- 
nation of properties, including freedom from 
porosity, resistance to heat, and chemical 
inertness, warrants its consideration where 
magnesium is selected for design purposes. 

This process has received public notice 
by means of previously published articles* 
and communications of the defense agencies 
and their contractors, both with the Office, 
Chief of Ordnance (ORDTB and ORDIS) 
and the Pitman-Dunn Laboratories Depart- 
ment. The ever-increasing number of 
requests for HAE specimens and HAE proc- 
essing of components is obviously based on 
the outstanding properties of the coating. 
To the best knowledge of the research and 
development personnel at the Pitman-Dunn 
Laboratories, these coatings are unique when 
compared with any other treatment for mag- 
nesium and would seem to be in a different 
order of magnitude. 

There have been instances where the 
HAE process has been applied to experi- 
mental components and assemblies without 
regard to the special properties of the coat- 
ing, and consequently with disastrous re- 
sults. For example, parts have been coated 
and exposed to salt spray without first being 
given one of the organic sealing treatments 
ordinarily recommended for high corrosion 
resistance. In such instances, when a few 
corrosion spots appear within 24 hr., the 
value of the coating is unnecessarily lowered 
in the judgment of the observers because 
they have heard of a 13,000-hr. salt spray 
resistance for HAE-treated objects. Another 
example is the poor corrosion resistance of 
experimental instrument assemblies: These 
were fastened with stainless steel bolts, with- 
out an allowance being made for the surface 
treatment which decreased the diameter of 
the tapped holes. Since there was a very 
close fit between the tapped holes and the 
bolts, before the coating was applied, distor- 
tion of the HAE-treated magnesium had to 
occur and resulted in exposed magnesium. 


Some distortion may have also occurred 
where the bolts were tightened excessively. 
Subsequent exposure of the assembly with 
its stainless steel - magnesium couples pro- 
duced an early breakdown in the salt spray. 

It is unusual that a material as hard 
and refractory as this coating should, at the 
same time, be as tough and elastic as for 
example —a highly plasticized vinyi resin 
plastic. In one instance we are dealing with 
a ceramic-like substance; in the other with 


Getting the Most 
From HAE Coatings 


material having the ability to recover its 
original shape after being deformed. 

In all probability, the reason magnesium 
has not been used more widely in spite of 
its availability and high strength-to-weight 
ratio is that it is so susceptible to damage 
by corrosion. In the Ordnance Corps a major 
premise of design is that material shall be 
able to withstand the most severe conditions 
It is believed that 
the HAE coating, because of the protection 
it provides, will add significantly to the 
number of applications for magnesium. 


likely to be encountered. 


The HAE process provides electrolyti- 
cally a coating which, if unsealed, enables 
wrought magnesium to withstand 20% salt 
spray exposures, without any corrosion be- 
ing visually detectable, as follows: 

TIME TO 
ALLOY FAILuri 
J-1 (6.5 Al, O15 Mn,0.95 Zn) 90 hr. 
FS-1 (3° Al, 0.20 Mn, 1.0 Zn) 26 
M (1.20% Mn) Several 
It is interesting to know that although typi- 
cally there may be a few very small corro- 
sion spots present at the time of initial 
failure, a continued exposure for several 
times the hours to failure does not increase 
their number. 
amount of 


This indicates a certain 


minimum porosity (some of 


* Modern Metals, May 1951; Magazine of Magnesium, 
May 1951; Metal Finishing, October 1951; Organic 


ishing, October 1951. 
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Resistance to Corrosion 


Fig. 1 | 


Panels 


METAL 


Painted 
Fop panels, 


lack of 
mogeneity in the surface of the magnesium ) 


which may be attributable to a ho- 
and also indicates the chemical inertness of 
the coating. 

In the the 


Pitman-Dunn Laboratories, the salt spray is 


evaluations conducted = at 


used as a criterion of porosity for inert or 


cathodic coatings and as a measure of the 


fesults of 4900-Hr 
With Single 
HAI coating; 


Salt-Spray on Magnesiun 
Coat of Alkyd-Type Enamel 
bottom, standard dichromate 
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weight per unit area of anodic metallic coat- 
ings. No exact correlation should be made 
as to the expected outdoor weathering resist- 
ance. However, since the coating functions 
primarily as a mechanical barrier, and the 
NaCl fog detects very fine porosity, there is 
good reason to expect long endurance for 
sealed HAE-treated magnesium used in out- 
door exposures. 

It is known that use of a suitable rust- 
preventive oil over phosphated 
steel represents a sort of synergis- 
tic action. That is, the resistance 


to corrosion of steel which has 
been phosphated and oiled is far 
greater than of the expected math- 
total of that 


phosphated steel 


has 
that 
rust pre- 
the HAE 


process for magnesium. This sur- 


ematical steel 


been and 


has been treated with a 


ventive. So, too, with 


face protection, plus a suitable 


wax seal, will withstand and has 
withstood a salt spray exposure of 
13,000 


wa, 


more than hr. Similarly, 


instead of zine chromate 


primer or a phenolic finish over 
the HAE surface will give excel- 
lent results. For those applica- 
tions where protected magnesium 
be used in high de- 


may sears, a 


gree of corrosion resistance exists 


because of the sealing action of 
the 


In addition, silicone 


the lubricant at few pores in 
the coating. 
have been used 


With all of 
the effective work of sealing mag- 


ereases success- 


fully. these methods 


nesium is done by minute amounts 


of sealant which close those few 


pores remaining in the HAE coat- 
ing at the end of the process. 
Dielectric strength of the coat- 
ing at 60 eyeles is about 550 volts, 
thickness of no 


with a coating 


more than 2 mils. This insulation 


value indicates a highly non- 


conductive and impermeable coat- 
ing. Since the insulating quality 


is so high, it obviously should 


serve as an effective means of 


preventing galvanic 
the 


structures 


coupling 


action, bane of magnesium 
other 


However, there are defi- 


assembled with 


metals. 
nite which 


precautions must be 


observed in using magnesium cou- 





pled to another metal. These precautions 
are based on the fact that the hard, brittle 
nature of the coating, regardless of its 
impermeability, requires proper techniques 
for effective assembly. 

The magnesium to be HAE treated 
should be in its final form and fully ma- 
chined; that is, not require any operation 
which will bend or deform it. Nor should the 
metal be cut, drilled or ground after the 
coating has been applied. If the magnesium 
has been stamped, feathered portions should 
be deburred so that the coating is not ap- 
plied unnecessarily to fragments of magne- 
sium which break off readily and 


The preferred sequence 


may 
expose bare metal. 
for the cleaning of castings is to sand-blast 
the surface of investment materials and then 
machine prior to the HAE treatment. This 
is better than submitting a machined casting 
to sand-blasting, a procedure likely to dam- 
age finished surfaces. No prior chemical 
treatment should be applied to castings. 

Since the coating is relatively imperme- 
able, any break in it will produce more in- 
tensified corrosion at the damaged area than 
if no coating at all were on the magnesium. 
For this reason it is definitely a poor prac- 
tice to have HAE-treated magnesium sheets 
drilled and riveted. 

The more perfect the continuity of an 
inert or cathodic barrier over magnesium, 
the greater the corrosion susceptibility of 
the magnesium at any discontinuity in the 
coating. Furthermore, since all other metals 
used with magnesium are cathodic to it, a 
diminution in the area of exposed magne- 
sium to that of any other metal involved in 
the assembly will also cause more attack of 
the magnesium. For this reason ferrous 
metals and copper-bearing alloys used with 
magnesium should be cadmium plated or 
zine plated, and the plating chromated and 
organically finished to minimize the amount 
of cathodic metal exposed in a couple with 
magnesium. 

Since riveting with 56S aluminum alloy 
rivets is such a common practice for the 
joining of magnesium, there are additional 
precautions which will help prevent galvanic 
damage. These are the use of zine chromate 
paint, such as U. S. Army 3-201, Zine Yel- 
low Primer, at all faying surfaces prior to 
assembly, and the use of nonconductors, 
such as high-strength plastic laminates, to 
prevent contact of the metals. Limited tests 
at Frankford Arsenal have shown somewhat 


Recommended Practices 


better and more consistent performance for 
the dried zine chromate paint than for that 
wet at assembly. For maximum protection 
against galvanic damage, the metal joined to 
the magnesium should be insulated at the 
interface, and rivets should be insulated 
from the joined 


shank areas. 


metals at the head and 
Only the head of the rivet cor- 
responding to the magnesium surface need 
be insulated with plastic or an aluminum 
washer if aluminum sheets are being joined. 
Consideration should be given to the danger 
resulting from the increase in diameter of 
the shank during the riveting operation. The 
deformation of the rivet hole in the magne- 
sium should be held to a minimum. If the 
shank diameter of a rivet is increased ex- 
cessively during heading, the coating at the 
perforation may crack and expose the mag- 
nesium. Judicious selection of rivet sizes 
and ample rivet hole diameters and the use 
of anodized soft aluminum washers against 
the HAE-treated magnesium will do much 
to prevent deformation of magnesium and 
insure that it receives maximum protection 
from the coating. Aluminum rivets of 52S 
alloy have performed better than 56S in 
tests involving couples of HAE-treated mag- 
nesium and painted steel, probably because 
of the lower yield strength and less magne- 
sium deformation. 

Results at the Labora- 
tories have shown clearly that there is in- 


Pitman-Dunn 


hibitive value in the use of a zine chromate 
primer such as U. S. 
3-201. These results are based on exposures 
in the salt 


Army Specification 


spray for specimens scribed 
through the organic finish and the HAE 
coating and into the magnesium metal. 
Where zine chromate primer had been used, 
the amount of corrosion at the scribe was 
neglible. However, when the less inhibiting 
TT-E-485, Type II, alkyd-type enamel had 
been used, corrosion was found in the 
scribes as shown in Fig. 1. It is also inter- 
esting to observe that wash primers over 
HAE-treated magnesium have not performed 
as well as the zine chromate primers. 
JAN-E-480, Type I, a heat-reactive phenol 
formaldehyde paint, has performed better 
than the TT-E-485, Type Il. The former 
has a greater resistance to the alkalinity 
produced by the corrosion of magnesium. 

A good paint system for the HAE coat- 
ing, therefore, consists of one coat of the 
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Applications for HAE Coating 


3-201 primer and one or more top coats of 
JAN-E-480, Type I. The prime coat should 
be applied to a thickness of 0.4 to 0.7 mil, 
the top coats to a thickness of 0.7 to 1.2 mil. 
The excellent appearance of scribed speci- 
mens so prepared and exposed in the salt 
spray for 2000 hr. gave no reason to believe 
that the exposure could not be repeated for 
an equal length of time without failure. 

The use of heat-reactive phenol formal- 
dehyde varnishes complying with U.S. Army 
Specification 3-221 has also been very suc- 
cessful, even with films so thin that dimen- 
sional changes cannot be determined with 
micrometer calibers. The normal thickness 
for such films is 0.4 to 0.6 mil. 
are now being studied. 


Other paints 


Just as zine phosphate films on steel and 
aluminum oxide films on aluminum have 
been very helpful in preventing welding of 
these metals with steel punches and dies 
during drawing operations, so also the use 
of this coating may be beneficial for forming 
operations on magnesium. At least the HAE 
process would conform to the principle 
which is receiving increasing acceptance 
that a filler in a lubricant for a high-pressure 
application need not be dispersed in the lu- 
bricant but can conveniently be available 
at the surface of the metal being formed. 

In experiments at the Pitman-Dunn 
results on the 
bonding strength between the HAE coating 
and the magnesium revealed that a force of 
at least 2500 psi. would have to be applied 
normal to the surface to separate the coat- 
ing from the metal. 


Laboratories, preliminary 


In these tests a tensile 
machine was used to pull apart a specimen 
prepared by having a coated piece of mag- 
nesium interposed and cemented to steel 
An epoxy resin cement was used as 
the adhesive. 


grips. 
Since the adhesive value for 
cementing steel to steel was less than half of 
what it should have been, it is assumed that 
perfect alignment of the specimens did not 
exist during the determinations, and a value 
below the actual bond strength resulted. 
The hard, inelastic nature of the HAE 
coating and its strong bond to the magne- 
sium indicate that its best performance, 
from the standpoint of protection against 
corrosion and wear, can be expected from 
applications to rigid surfaces and not to 
those which will be cut, ground or deformed 


after the coating has been applied. Further- 
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more, the hardness of the coating (sufficient 
to abrade steel of Rockwell C-65) suggests 
its possible value as an abrasive material 
with the abrasive already bonded to a sur- 
face, the geometry of which can be varied 
at will. The coating, in addition to acting 
as a dielectric material, may also be of inter- 
est for possible capacitor and rectifier appli- 
cations. Because of its poor thermal 
conductivity, the coating may also permit 
magnesium to be used where heat is in- 
volved and where magnesium with ordinary 
treatments would be adversely affected. 
The coating is sufficiently thick (gen- 
erally between one and two mils) so that 
the surface, which is a matte finish on re- 
moval from the electrolyte, can be polished 
and serve as a bearing where it would func- 
tion similarly to jewels in certain mech- 
anisms. Also, because of its inert nature, 
matte finish and strong bond with magne- 
sium, the surface would appear to be ideal 
as a rententive base for elastomers such as 
neoprene and others requiring the use of a 
heavy organic coating. If an inert, adher- 
ent and hard coating is required according 
to a certain pattern, and bare magnesium 
can be tolerated at intervening areas, as 
possibly in an engraving or printing opera- 
tion, the HAE coating suggests possibilities. 
Tests on fatigue strength conducted for 
Frankford Arsenal by the National Bureau 
of Standards show that with magnesium 
specimens 94 mils thick and with a coating 
of 1.5 mils, there is a loss in fatigue strength 
of about 8% which, if corrected for the 
thickness of the coating, amounts to 2%. 
With a 40-mil magnesium sheet, there is a 
reduction in fatigue strength of 17° which, 
if corrected for coating thickness, is only 
4“. These results are higher than those ob- 
tained for specimens with lower HAE coat- 
ing thicknesses. Although an appreciable 
part of the loss in fatigue strength is at- 
tributable to the etching action on the mag- 
nesium surface at the interface during the 
formation of the coating, the results show 
that the effect on fatigue is rapidly lowered 
as the metal thickness is increased and also 
that thinner HAE coatings may be desirable 
for applications involving repeated flexure. 
The authors express their appreciation 
to Lt. Col. D. J. Murphy and Messrs. C. C. 
Faweett and E. R. Rechel for their encour- 
agement and support of this development, 
and to William Blum, consultant to Frank- 
ford Arsenal, for his helpful review. S$ 











Atomic Energy 


a were appropriated by the Congress 
to the Atomic Energy Commission for the 
last four fiscal vears as follows: 

1949 # 621,900,000 

1950 702.900 000 

1951 2,032,100,000 

1952 1,605,898,000 

The initial appropriation for fiscal year 
1953 amounted to $1,137,727,000. To meet the 
demands of the expanding program in fiscal 
year 1953, the Congress made a supplemental 
appropriation of $88,094,000 for operating 
and $2,898,800,000 for plant and equipment 

Construction status of major production 
facilities was as follows: 

Feed Materials Production Center at 
Fernald, Ohio, was partially complete and 
about 500 operators were already working. 

24,000 persons were employed at the 
Paducah diffusion plant. The first 
units will be completed later than originally 
scheduled, but the last units will be ready for 
operation by the dates originally set. 

37,100 were employed at the 
Savannah River project [principally on exca- 
vation, conerete work and steel erection 

Monthly construction costs, excluding the 
expansion program [authorized by the 1953 
supplemental appropriation], are expected to 
reach a peak in September 1952 and will then 
amount to about 5% of the total monthly costs 
for all construction in the United States. 

Further Expansion——On July 15, 1952, 
the President signed an act appropriating 
$2,898,800,000 for expansion of plant and equip 
ment. A considerable portion will be used for 
additional production of uranium***.  Addi- 
tional gaseous diffusion plant capacity is sched- 
uled to be added at the existing Oak Ridge, 
Tenn., plant, at the Paducah, Ky., plant under 
construction, and at a plant at a new site (with 
supporting facilities at each A 
major item for each of these expansions is 
electric power generating and transmission 
capacity. The annual power consumption at 
the new site, for example, will be more than the 
1951 consumption of New York City. Expanded 
production of plutonium will be by the con 
struction of additional Hanford, 
Wash. |operating), River [un 
der construction 

Employment — Direct employment by the 
A. E. C. inereased from 5750 on Jan. 1 to ap 
proximately 6500 on June 30. Employment 
by various contractors] in operations, re 
search and development increased from 52,400 
on Jan. 1 to about 56,000 on June 30 


fascous 


persons 


necessary 


reactors at 
and Savannah 


*Verbatim extracts from “12th Semiannual 


Report of the U. S. 
July 3, 1952. 

+Some details as to size, power, and type of 
these reactors are listed in Metal Progress for July 
1952, p. 106. 


Atomic Energy Commission”, 


Is Big Business* 


During the fiscal year $17,500,000 was allo- 
eated for biological and medical research in 
A. E. C. installations. Approximately $5,800,000 
was spent on 325 research contracts in univer- 
sities, colleges and private laboratories 

Military Application — A large part of the 
total effort continued to be directed to the mil 
itary aspects of atomic energy. Production of 
atomic weapons proceeded steadily. Research 
yielded new developments; these improvements 
were applied to the design of specific weapon 
models to meet the various needs of the armed 
forces. Construction of several new facilities 
progressed satisfactorily Details of this work 
are enumerated currently in classified [secret 
reports to the Joint Committee on Atomic 
Energy of the Congress 

Reactor Development} —The materials 
testing reactor at the testing station in Idaho 
was operated in May at full power. It will 
subject to intense radiation those materials 
considered promising for the construction of 
new reactors 

The keel was 
powered submarine 


laid for the first nuclear 
Construction of the proto 
type of the submarine thermal reactor and 
power plant [for this vessel] continued at the 
reactor testing station in Idaho. Westinghouse 
Electrie Corp. is the prime contractor. This 
reactor power plant is being assembled in a 
section of the submarine hull 

Construction of a land-based prototype of 
the submarine intermediate reactor and _ its 
power plant was started by the General Elee 
tric Co. near Schenectady. It will be contained 
in a spherical steel building 225 ft. in diameter 

Four industrial groups have surveyed re 
actor technology, and Dow Chemical Co. and 
Detroit Edison were the first to report 
They proposed jointly financed research on the 
commercial| feasibility of a dual-purpose re 
actor for producing both fissionable material 
and electric power. Details of a letter of agree 
ment are now being negotiated. Work by the 
two companies, estimated at $275,000 excluding 
overhead, will be carried on in their own labo- 
ratories. Much of the A. E. C.’s supporting 
studies are already in progress or budgeted 

Air Contamination — A phenomenon pecu 
liar to atomic detonations is the fall-out of 
minute radioactive particles from the resulting 
atomic cloud. Most of it oceurs within the tar 
get area, but some is picked up by wind and 
deposited throughout the country. An exten 
sive nation-wide monitoring system consists of 
sample-collecting stations and mobile monitor- 
ing teams both on ground and in air As a 
result of such monitoring after explosions in 
Nevada] it can be stated categorically that at 
no time in any part of the country outside the 
controlled testing grounds has radiation been 
harmful to humans, animals, or crops 


Co 
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By E. J. Dulis and G.V. Smith, Research Laboratory, United States Steel Co., Kearny, N. J. 


. EFFECT of cold work on sigma forma- 


tion in two austenitic 


stainless steels, 


Types 310 and 347, during exposure at 1300° 


F. for up to 5000 hr. was investigated by 


hardness and microscopic examination. 


havior of these steels in 


conditions was described 


several 


a paper 


Effect of Cold Work 


on Sigma Formation 


Be- 


annealed 


on 


“Effect of Prior Treatment on Precipitation 


of Sigma Phase”, by G 
and H. S 
1051, p- SSDs. 


V. Smith, E. 
Link, Welding Journal, Vol. 30, 


steels is shown at the bottom of the column. 


310 was tested as air cooled from forging tempera- 


ture, and after cold drawing 36%. 
water quenched from 1975° F., 
cold drawn 41 


and 


Microstructures and estimated 
percentages of sigma after various 
times at 13800° F. are shown on the 
page, and the amount is 
related to time in Fig. 1 at right 
With but a few exceptions in the 
25-20 Cr-Ni the par- 
ticles in both steels are sigma and 
In the 


opposite 


steel, massive 
the small particles carbide. 


25-20 steel sigma started to 
rapidly, amounting to 0.7 
20) hr 


after 
in the as-received condition, 
20 hr. in the cold 
drawn condition (micros for 20 hr 
not shown) 


atter 


Sigma formation is 
Fig. 1) 


numerous 
the effect of 


enhanced 
by cold work Smaller and 
particles 


cold 


nore 
that 


indicate 
work is to 


Iype 310 
(25-20 Cr-Ni) 
0.07% 
1.81 
024 
O.013 
0.53 


Type 347 
(18-8 Cb) 
0.07% 
1.21 
0.014 
0.018 
0.43 
10.80 
17.10 
O.89 


Carbon 
Manganese 
Phosphorus 
Sulphur 
Silicon 
Nickel 22.20 
Chromium 27.24 
Columbium 

METAL 
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J. Dulis 


Chemical composition of the 


Type 


Type 347 was 


380 


” 


form additional nuclei for subsequent sigma 
growth. This increase in sigma nuclei ex- 
plains why the effect of deformation can 
persist after recrystallization occurs. 

The both steels are also 
related to time of exposure at 1300° F. in 
Fig. 1. The 25-20 steel (Type 310) that had 
not been cold worked showed an increase in 


hardnesses of 


hardness with increasing sigma, but the cold 
worked with 


Clearly, two oppos- 


steel decreased in hardness 
longer time at 1300° F. 
ing forces are at work in the initially cold 
worked metal — a softening owing to recov- 
ery and recrystallization and a hardening 
because of precipitation of sigma; softening 
is the dominant force. 

In the 18-8 Cb the 
quantity of sigma formed was quite small 
and presumably affected the hardness only 
slightly, if at all. The hardness of the 
initially cold worked metal fell off rapidly 
with 


steel 


(Type 347) 


time as a_ result of and 


recovery 
recrystallization. 


Fig. 1 Relationship of Hardness and Quantity 
of Sigma Formed to Time of Exposure at 1300° F. 
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By Harry W. McQuaid, Consultant, Cleveland* 


LLOY STEEL has been most widely investi- 
LAX gated and discussed during the past 50 
years; thousands of pages have been printed 
about apparently every detail of the making, 
processing and application of this important 
material. I say “apparently” because the 
literature seems strangely lacking in data on 
some of the most important factors which 
govern its selection and application — eco- 
nomic factors which should govern any 
given alloy addition. To the steelmaker the 


What Price Hardenability? 


economic factors of alloy selection are seen 
in one light, to the alloy producer in another 
light, and to the purchaser, designer and 
processor in still another light. 

The average alloy steelmaker— especially 
the openhearth operator — if he had his way, 
would probably be inclined toward the nickel- 
molybdenum combination, or perhaps the 
chromium-nickel-molybdenum combination. 
He would avoid the straight manganese and 
the silicomanganese steels like poison, and 
would be just as well pleased if the lower- 
carbon straight chromium steels were not 
used. The governing criterion is the cost. 
The steel producer, in thinking of the desir- 
ability of any given combination, adds up 
the various extras and special charges until 
he has assembled the total charges as-shipped 
and from this he subtracts his grand total 
of labor, material, and overhead, and decides 
that a given combination of alloys is desirable 
and interesting according to the relation the 
calculated profit bears to that of other alloy 
combinations. He is often influenced by 
pressure from the customer or alloy sales- 
man -—— but usually not for long. Due to the 
relatively high alloy extras he can charge on 
the nickel-bearing steels and to the high re- 
covery of nickel from the scrap, the steel 
producer is perfectly willing to give them 
more support than he would the chromium 
or manganese combinations. 

Whatever is done, the alloy extra should 


*The second portion of a talk, entitled “Economics 
in the Selection of Alloy Constructional Steels”, given 
May 12, 1952, before the “Old-Timers’ Night” of the 
Detroit Chapter, 6. 
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be the first concern of the automotive metal- 
lurgist. It has been my observation that the 
average so-called technical man is not con- 
cerned enough with the delivered costs of the 
product. This has always been a handicap 
to him because, in the eyes of management, 
the metallurgical department is concerned 
primarily in supplying a product which proc- 
esses easily and performs well, but these 
qualities are all too frequently obtained by 
expensive material, treatment, and inspection. 
If the metallurgical department were pri- 
marily concerned with getting the most eco- 
nomical final product which was good enough 
to get by in the field, it would probably be 
better considered in the eyes of management. 

If we study the alloy extra list we find 
that extras have developed in a hit-and-miss 
way. If we take the same carbon content 
and classify steels according to the amount 
of alloy extra charged by one well-known 
steel producer (not necessarily standard) we 
arrange the lower-cost openhearth steels as 
shown in the following list: 


STEEI Type Composition ALLoy Extra 
1340 1.75 Mn 14.00 
5140 0.80 Cr 17.00 
4042 0.25 Mo 19.00 
8640 Triple Alloy* 26.00 
4140 0.95 Cr, 0.20 Mo 27.00 
3140 1.25 Ni, 0.65 Cr 33.00 
4640 1.85 Ni, 0.25 Mo 40.00 
6140 0.95 Cr, >0.15 V 44.00 


*(.40 to 0.70 Ni, 0.40 to 0.60 Cr, 0.15 to 0.25 Mo. 


Now if we determine the hardenability 
by calculating the “ideal critical diameter” 
from the analysis, we find an entirely differ- 
ent order as listed at the left of the tabulation 
below. Next if we divide the alloy extra cost 
by the ideal critical diameter, we find the 
relative cost of the alloy extra for harden- 
ability per inch of critical diameter as in 
the right of the list: 


HARDENABILITY 
CriTICcal Cost oF HARDENABILITY 
STEEL DIAMETER STEEL RELATIVE Cost 
4140 5. 4140 5.08 per in. 
8640 . 5140 5.87 
6140 ‘ 8640 6.02 
3140 . 1340 6.10 
5140 2.6 3140 8.25 
1640 J 6140 10.20 
1340 2. 4042 10.55 
4042 1.8 4640 14.30 


If we select an alloy steel on the basis 
of hardenability and try to get the most for 
our money in hardenability, the logical steel, 





at least to start off with, would be the 
chromium-molybdenum grade (S.A.E. 4140), 
with the straight chromium (5140) and the 
low-chromium-nickel-molybdenum (8640) 
not too far behind. 4140 and 8640 will 
harden to the center of a 5.3 and 4.3-in. 
round, respectively, under ideal conditions. 

But you might ask yourself, “Why would 
anyone want so much hardenability? S.A.E. 
4042, the straight molybdenum steel with 
critical diameter of less than 2 in., has ample 
hardenability for nearly every automotive 
purpose, as proven by its very successful 
application to the Chrysler products.” 

As a matter of fact, the shallow harden- 
ing of the S.A.E. 4042 is a most desirable 
advantage, since it insures the minimum of 
quenching stresses which add to the service 
stresses and are a major factor in the failure 
of heat treated parts. It also, for the same 
reason, insures the minimum of distortion in 
heat treating and thus has definite advantages 
over the deeper hardening steels. Its alloy 
extra is not too high, and because it is a 
good performer it should appeal to steel 
buyer, heat treater, and metallurgist alike. 

Now, if S.A.E. 4042 has enough harden- 
ability for so many automotive parts, even 
though it has the lowest hardenability of the 
entire list, then the S.A.E. 1340 and the S.A.E. 
5140 (the steels with the lowest alloy extra) 
must also have ample hardenability, but obvi- 
ously we are not selecting steels on the basis 
of hardenability alone. I would advance the 
proposition, however, that if these lower- 
cost steels, when properly heat treated, have 
enough and uniform hardenability, it is fool- 
ish to spend money for extra hardenability, 
especially since it is usually reflected in 
extra machining costs as well. 

What we should really be seeking is the 
cheapest oil hardening alloy combination 
that is available, and the logical place to look 
for it is in the S.A.E. 1300, 5100 and 4000 
series. Our object is to get something that 
is good enough to get by satisfactorily in 
the customer’s hands, and we should not 
spend a cent in getting anything better than 
that. With the improved, more rigid designs 
of mechanical devices, better surface and 
more accurate contacts of today’s gears and 
other frictional parts, we can evaluate much 
more closely the working stresses in service; 
with the improved control of hardenability 
and heat treatment we can feel much more 
certain of uniformity of the final product; 
all this means that we can work closer to 


Advantages of Chromium-Vanadium 


minimum requirements and cheapest steels. 

The affection of the steel producer for a 
given alloy, like that of the alloy producer, 
is naturally influenced by the net return he 
gets for his efforts in supplying it, and this 
return is governed by the cost of producing 
the alloy grade and the price he gets for it. 
In the early days of alloy steel, when nickel 
was the key and almost only alloy used, the 
price of the nickel-bearing elloy steels was 
relatively very high; the alloy extra, plus 
the high recovery of nickel in the scrap, 
plus the excellent support of the alloy pro- 
ducer, made the nickel steels a great favorite 
with the steelmaker. 

The nickel-chromium steels introduced 
a little later represented one of the best 
combinations and proved popular with the 
steelmaker, the alloy maker and the user. 
This was especially true in the lower-priced 
medium-carbon S.A.E. 3100 series. The 
straight nickel steel was well advertised and 
was widely used in rear-axle gears and other 
highly loaded gears, and the low nickel- 
chromium type was put into axle shafts and 
transmission gears, although for some very 
heavy-duty applications the high (5%) nickel 
and _ nickel-chromium 
retained. 


(Krupp) types were 
Because of the high stresses due 
to lack of rigidity in the earlier designs of 
bearing supports, and poor finishing and in- 
accuracy of contact surfaces, many makers 
of heavy-duty gears could find nothing quite 
so good as these very expensive nickel and 
nickel-chromium grades of 
treated alloy steel. 

With improvement in design and the in- 
crease in automotive volume production and 
competition, pressure became heavy for steels 
which processed more easily and cost less. 
The straight chromium steel quickly reached 
a high position because of its lower costs 
and good performance, but it was not looked 
on with favor by the average steel producer 
because of the low alloy extra and the low 
recovery of chromium in the scrap. Its only 
real friends were the steel buyer and the 
producers of chromium. 


specially heat 


The late C. H. Wills was a most impor- 
tant figure in the early development of ton- 
nage alloy steel, especially in the openhearth. 
He was directly responsible for the “selling” 
of alloy steel to Henry Ford, who designed 
and built the Model T around the properties 
which could be had from chromium-vanadium 
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Early Automotive Steels 


steel. I have always felt that Wills’ contri- 
butions in the advancement of alloy steels 
have been much overlooked. 

This development, nearly 50 years ago, 
of aluminum-free chromium-vanadium open- 
hearth steel deserves study by anyone inter- 
ested in the economic bases of alloy steel 
selection. Here we have an alloy combination 
which gives us about as much for the money 
It had the right bal- 
ance of manganese, chromium and silicon to 
make it harden in oil sufficiently deep to 
When 
vanadium was added in sufficient amount to 


as any ever proposed. 


insure minimum quenching stresses. 


insure a fine grain in the already “normal” 
steel, we had a carburizing steel which could 
be directly quenched from the box (or fur- 
nace) and still show a good fracture and 
minimum distortion. 

Advantages from the steelmaking stand- 
point resided in a combination of silicon, 
manganese, chromium and vanadium. The 
last mentioned was a rather inactive de- 
oxidizer, so the iron oxide in the steel was 
high enough to produce the proper kind ot 
sulphides in the microstructure. IJIn_ the 
finished bar we have a steel with the highest 
ratio of transverse to longitudinal properties, 
and one form (in the fully 
quenched portions) the nearest approach to 


which will 


100° martensite and, when carburized, pro- 
duce a “normal” grain boundary. 

As was pointed out in the first part of 
this article (Metal Progress for August 1952, 
p. 104), the sulphide type must be controlled 
if we are to get the full value of the costly 
alloy. In fact, this control by proper melting 
and deoxidation is a much more important 
factor in the processing and performance of 
a given heat treated alloy steel part than is 
the actual alloy itself! These relationships 
were worked out after much difficulty in the 
production of the original aluminum-free 
chromium-vanadium 
Harold Wills 


corresponding to the 


steel for Ford by 
Eventually, they had a steel 
S.A.E. 6100 
series of the fine-grained normal type. 

We can find little in the alloy steels of 
today which is any 


present 


improvement over the 
desirable combination 
early Cr-V_ steels. 

right hardenability 
any automotive or 


these 
They had just about the 
when oil quenched for 


developed in 


tractor gear or shaft; 


when carburized could be direct 


quenched because they were inherently fine 


they 
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grained; they machined better in the normal- 
ized condition than the nickel-base alloy 
steels; they had unusually good transverse 
properties and superior impact value. 

It is therefore not surprising that these 
chromium-vanadium steels were highly suc- 
cessful. They were used in springs, in gears, 
in drive shafts, in rear axles, and even in 
connecting rods and front axles, in crank- 
shafts, in many bolts and other minor appli- 
cations. In fact, the Ford Model T contained 
more alloy steel parts than any automobile 
since then, and did more to encourage the 
use of alloy steel than any other product 

ONE ALTERNATIVE: STRAIGHT CR STEEI 

At the time of its introduction, the prin- 
cipal competition to Cr-V steels came from 
S.A.E. 2300 (3.5% Ni) and 3100 (1.5 Ni, 
0.65°° Cr). Before the days of grain-size con- 
trol the aluminum-free chromium-vanadium 
fine-grained type (with its ability to be direct 
quenched from the carburizing temperature 
and its simplified heat treatment) had a 
great advantage over these two. It was then 
also a lower-priced steel and would normally 
have replaced them except that it was tied in 
directly with Ford and Dodge and therefore 
not particularly desired by competitors in 
the automotive industry. 

In devising an alternate, the natural step 
was to drop the vanadium from the Cr-V 
mixture. The coarse-grained straight chro- 
mium steel (S.A.E, 5100) was soon demon- 
strated to be practically interchangeable with 
Cr-V when melted and rolled under the right 
conditions, except that, for best results, car 
burized parts required a double heat treat- 
ment But it was considerably cheaper 
(containing no expensive vanadium), easy to 
process, and equal in every way when properly 
made and treated to the more costly com- 
petitive steels. It was soon giving a good 
account of itself in roller-bearing rolls, gears 
and other parts. It still is today the equiva- 
lent of practically any competing alloy steel 
for automotive applications. 

One of the advantages of the S.A.E. 5100 
series as compared to the nickel-containing 
steels of 25 years ago was that the latter 
were 


much lower 


As has already been emphasized, 


commonly made with 
manganese. 
manganese is a big factor in determining the 
type of sulphide precipitate and its resultant 
effect on conditioning, banding, machining 


and ferrite in the as-quenched martensitic 





The late Childe Harold Wills came as near to being chief 
engineer of Ford Motor Co. in the Model T days (starting 1906) 
as any man could be in that organization without titles. Wills 
convinced Henry Ford that there was nothing like chromium- 
vanadium steel. Ford had examined the bent axles and other 
parts of a wrecked European racing car. He had been told that 
they were made of “alloy steel” and they appeared to be excep 
tionally tough, so he plumped for the vanadium steels then 
being promoted by the Englishman, J. Kent-Smith John 
McConnell and Fred Griffiths made them at United Steel Ce. in 
Canton. Wills also installed complete metallurgical laboratories 
at Highland Park and studied many other steels particularly, 
during World War I days, the molybdenum steels supposed to 
be responsible for the superiority of German ordnance. When 
Wills joined Chrysler Corp. in 1933 he brought much pressure 
to bear on steel manufacturers to make the straight molybde 
num steels with special attention to “normality”, grain size and 
hardenability, and in this way he had an important influence 
in bringing this analysis to its present widespread utility 


C. H. Wills 


A citation “for early development of chromium, molybdenum 
and vanadium steels and their application to automobiles” is 
ample indication of Henry Chandler's status among the pioneers 
of the automobile industry This citation accompanied the 
presentation of an @ Distinguished Service Award for Meritorious 
Contributions to Progress in Alloy Steel in 1948. Chandler 
joined the research laboratory of Ford Motor Co. in 1914 to 
direct the metallurgical section under Harold Wills, who was 
in general charge of research and engineering. He brought 
with him a most unusual educational background gained from 
studies at University of California, M.LT., the Sorbonne (Paris), 
and the Polytechnic Institute of Zurich. Working with up-to- 
date equipment and a capable staff, Wills and Chandler laid the 
groundwork for these new alloy steels of great potentialities. 
When Wills resigned to design and build the Wills-St. Clair ear, 
he took his team-mate along as chief metallurgist. In 1924 
Chandler became assistant to president of Vanadium Corp. of 
America, and is now a vice-president whose duties are still to 
promote the development and use of alloy steels. 


Henry T. Chandler 


structure. In gears and bearings, subjected of its favorable price. Someone will rise to 
to highly concentrated rolling contact, the say that the straight chromium steel will 
addition of nickel and molybdenum increases have low impact properties at 40° F. below 


the tendency to retain undesirable austenite. zero and it needs vanadium or nickel or 


The harder, more wear resistant martensite molybdenum or a combination of all to give 
containing chromium (with its lower internal good subzero toughness. How important the 
compression stress when properly heat impact values at —40° F. are in the perform- 
treated) provides the best structure for the 


ance of automotive equipment is hard to say, 
contact surface of bearings and gears. although possibly on the Alean Highway and 

It is for this reason that the straight for winterized ordnance they may be very 
chromium steel is practically universal for important; apparently there has been no 
ball bearings. It has exactly the same quali- special complaint on ball bearings. Ordinarily 
fications for roller bearings and gears, and straight chromium steel of the right type, 
in my opinion it has been overlooked by the made fine grained with aluminum, will have 
automotive metallurgist, especially in view satisfactory subzero properties — but if any- 
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Price Factor Favors Cr and Mn 


thing must be added it could probably best 
be 0.10 
The fine-grained straight chromium steels 


vanadium. 


require a certain definite melting technique 


to insure maximum properties—— but this 


takes no more care than other grades. How- 
ever, even when normal variations in melting 
and rolling practice are accepted, the product 
will compare most favorably with any steel 
Thou- 
sands of tons of it in various types have been 


in a price class any way close to it. 


used in transmission parts, in springs and 
in bearings. Because of its price it should 
be by far the greatest tonnage alloy steel in 
use today 


MEDIU M-MANGANESE STEELS 


If we look at the alloy extra list we find 
one type which is still cheaper than the 
straight chromium. This difference amounts 
to approximately $3.00 per ton and is in 
favor of the S.A.E. 1300. This has 1.5% 
manganese, enough so its hardenability ranks 
with several other oil hardening steels. When 
properly made and treated, S.A.E. 1300 will 


Fig. 1 Chassis of 1914 Model T Ford 
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perform in an automobile gear and axle as 
well as any_standard alloy steel commonly 
used. It involves considerable difficulty in 
melting, especially in the openhearth fur- 
nace; missed heats due to off-analysis are 
common, and in practically every steel mill 
it shows little if any profit and is considered 
undesirable business. (It is important to a 
large steel purchaser and processor that his 
selection of steel permit the steel melter to 
show some reasonable profit; otherwise, the 
mill production departments are being con- 
tinually pressured to cut costs and this gen- 
erally only intensifies the rejections and 
troubles with the delivered product.) 

When we think of the work which was 
done under Bob Schenck’s direction at Buick 
some years ago with the S.A.E. 1300 series, 
and the théusands of tests which proved its 
good machinability, satisfactory heat treat- 
ment and good performance, it is hard to 
understand why its use did not spread. It 
did tend to vary in hardenability from heat 
to heat and its cause was naturally not 
helped by anyone in the steel industry 

Straight manganese steel needed most 
careful melting to insure uniformity in ma- 
chining and reaction to heat treatment, and 

therefore was criticized 
in the automobile plant 
somewhat. The addition 
of “Grainal”’, with its va- 
nadium and boron, gave 
this steel properties of 
the highest order, as did 
separate additions of mo- 
lybdenum, or boron, or 
vanadium. It is a steel 
which is best suited to 
electric - furnace single- 
slag melting practice, but 
has been priced on the 
assumption that it is to be 
melted in the openhearth 

The S.A.E. 1300 alloy 
steel in the low-sulphur 
grades (priced to make its 
production interesting in 
the modern electric-are 
furnace) may someday 
become of the greatest 
commercial importance 
If we purchased steel only 
on the basis of its phys- 
ical properties at a given 
hardness, it would be dif- 
ficult to keep the S.A.E 





1300 series out of first place. A _ relatively 
small addition of boron, molybdenum, or 
vanadium improves its hardenability and its 
uniformity in processing. S.A.E. 1300 plus 
boron -— for example, the recently approved 
A.LS.1. 14B35 to 14B52—~will give a very 
good account of itself and will probably be 
very highly considered if ever a really deter- 
mined attempt is made to arrive at the lowest- 
cost steel for general applications. The 
trouble is that the extra for boron is enough 
to make the S.A.E. 1300 grade with boron 
more expensive than S.A.E. 5100 or 4000 
steels, and it would therefore be ruled out of 
consideration. 


MOLYBDENUM IN ALLOY STEELS 


After the first world war the use of mo- 
lybdenum began to be advocated, and Cr-Mo, 
Ni-Mo, and Ni-Cr-Mo types were introduced 
and given favorable comments. 

The Cr-Mo analysis (patented by Wills 
and Chandler and becoming the 4100 series) 
proved to be a most desirable steel, especially 
in the medium-carbon grades. In the lower- 
carbon ranges it was generally of the 
coarse-grained type and because of its high 
hardenability showed a much greater tend- 
ency to warp than the Cr-V steels during 
carburizing and other heat treating. 

Because it was lower in price, 4100 soon 
displaced the widely used nickel-chromium 
(3140 and 3130 grades) to a large degree and 
was a big factor in the success of the molyb- 
denum-producing compa- 
nies and those receiving 
royalties on the steel. It 
was not especially well 
liked by the steel produc- 
ers because of the lower 
alloy extra and the varia- 
tion in its hardenability 
with grain-size variation. 

Due to the relatively high 
manganese and chromium 
in combination with mo- 
lybdenum, it offers more 
hardenability for the dol- 
lar than any other com- 
monly used automotive 
alloy combination, as 
shown in the tabulation 
on p. 88; in fact, the 
greatest criticism of this 
steel is that it offers too 


Mo Gives Maximum Hardenability 


we have in the S.A.E. 4100 series economical 
alloy steels of great merit and wide applica- 
tion with an alloy extra which appeals to the 
steel buyer but not very much to the steel 
producer. 

The S.A.E. 4140 has merit in large axle 
shafts and heavy sections and, if fine-grained 
and heat treated to best advantage, can re- 
place most of the highly alloyed steels such 
as Ni-Cr-Mo 4340. It requires careful quench- 
ing and handling in heat treatment. In the 
low-sulphur grades it has general application 
in heavy sections, such as in the oil-produc- 
tion field and farm-implement field. It could 
with some modification of analysis and treat- 
ment serve in any constructional alloy steel 
application where economy would justify it 


PFHE NICKEL-MOLYBDENU™M COMBINATION 


In the nickel-molybdenum §S.A.E. 4600 
series, we have a steel originally produced 
for Studebaker and patented by Woodside 
and Dawe. It was at first especially applied 
to rear-axle gears and other carburized parts 
and was designed to replace the straight 
342% nickel S.A.E. 2300. Like 2300, the 
present nickel-molybdenum series appeals to 
steelmakers because of the alloy which can 
be recovered from scrap, but they did not 
especially encourage its use to replace the 
straight nickel steel because of the high alloy 
extra and the well-established openhearth 
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much hardenability. Thus 
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Timken Promotes 4600 


METAL 


practice which had been worked out for the 
more profitable S.A.E. 2300. Naturally the 
nickel producers did not like to see the lower- 
nickel replace the higher-nickel steels and so 
it took some time to convince the automotive 
industry that this was a logical step. 

Quite a story could be written around 
the competitive situation which influenced 
the introduction of the 4600 series broadly 
At first it was 
Timken Steel and 
Tube Co. and the older alloy steel producers. 
At about the Roller 
Bearing Co. was faced with the problem of 


into the automotive industry. 
a battle between the new 
same time, Timken 
changing water hardening carbon steel in its 
bearing cups and cones to an oil hardening 
alloy steel in order to meet a similar move 
by competitors. Up to this time the Timken 
rolls had been made from plain chromium 
and it would 
seem that the logical step would be to go to 
the S.A.E. 5100 for the whole bearing 


The prime factor in going to the nickel- 


steel with very good results 


molybdenum steel for Timken bearings was 
that Timken had its own steel mill and ap- 
proximately 85° of the ingot made for bear- 
the 


tube-mill or 


ings came back to furnaces as scrap, 


either as steel-mill, bearing- 


factory scrap. A very elaborate briquetting 


layout was engineered for almost 100° re- 
covery of bearing-plant serap, and an electric- 
furnace practice was worked out which gave 
the nickel-molybdenum analysis a uniform, 
extra-low-sulphur, fine-grained, normal 
structure and quality of cleanliness desirable 


All this 


was combined with a recovery of nickel and 


in the best grade of bearing steel. 


molybdenum in the serap which was suffi- 
cient economically to justify the adoption of 
the S.A.E. 4600 for Timken roller bearings. 
Furthermore, the 4600 series was superior 
in nearly every way to the 2300 series for 
rear-axle gears, especially since at the time 
made in the fine- 
the 
was $5.00 per ton cheaper than the 
openhearth S.A.E. 2300. It 
quenched from the carburizing box with very 
little first 


lower machining and heat treating cost and 


it was introduced it was 


grained type and in electric-furnace 


grade 
could be direct 
distortion, and with lower cost, 
better gear performance it soon displaced the 
3.9% nickel openhearth steel which was being 
advocated by other alloy steel producers 

I can speak with some authority on this 
point, for | moved from Canton to Detroit 
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in 1926 with specific instructions that I was 
to prove to the automotive world that in 
every way the Timken electric-furnace S.A.E. 
1600 was far superior to the openhearth 
S.A.E. 2300 then standard in ring gears and 
pinions. This was easy to do, but it would 
have been a different story if the competition 
had S.A.E. 6120.) The chromium- 
vanadium steel was fine grained, machined 
well, and could be direct quenched and cost 
little move, but it lacked friends in the steel 
plant and was hardly considered. 


been 


After the competing mills learned how to 
make the steel fine grained and satisfactorily 


clean at the same time, they produced a pass- 
able grade of S.A.E. 3120 
in the openhearth, but by that time it was 
late and 4600 
Thus we 


nickel-chromium 


too was firmly established 
the S.A.E. 4600's 
story by saying that it was able to displace 
2300 3100 in field 
and also in the higher carbon field) because 
it was deliberately priced so that the electric- 
furnace 4600 was cheaper than the 
hearth 2300 and being fine grained and of 
better than openhearth quality it simpli- 
fied the machining and heat treating opera- 
tions and gave a better final product 

Here it would be 


enough to praise the designers of automotive 


can summarize 


and the carburized 


sear 


open- 


well to pause long 
equipment and of machine tools for cutting 
accuracy. At the time 
the 4600 Ni-Mo series was being introduced, 
efforts 
improve the design so that accurate contacts 


surtaces of extreme 


great and successful were made to 
and mountings could be maintained undet 


any normal load encountered. Elastic action 
of metal under load was given much more 
consideration, as was stress concentration, 
inherent stresses, decarburization effects, lu- 
brication and other mechanical details which 
affected operation. As far as performance 
of automotive gears is concerned, my expert- 
that 


design, mounting and maintenance of care- 


ence would indicate improvements in 


accurate 


the 


fully developed and _ initially con- 


tacting surfaces were by far most 
important contributing factors. 

The alloy in the steel and the details ot 
its heat treatment after we had learned to 
obtain the required wear resistance (hard- 
ness) without excessive change of shape 


are of minor importance. Today it is safe 
to say that the cheapest combination of sound 
steel that can be made with the proper control 
of hardenability and that can be processed 


at the least final cost is the logical choice 





Some of the 


ever 


best gears 


made those 
made at Buick from the 
T-1300 straight manganese 
steel. In fact, 
the best properties I have 


were 


some of 


ever seen in steel 
obtained in heat 
treated T-1300_ steels 
which had “Grainal No. 
1” added in the ladle. 
Any experienced metal- 
lurgist could truthfully 
say the same of the 
S.A.E. 4000 the 
5100, the 6100 series and 


many other types. 


any 
were 


series, 


And so IT return to my 
oft-stated belief that the 
metallurgist is, after all, 
primarily interested in the 
alloy combination which 
will give him the cheapest 
final that 


(when neces- 


produet will 
quench out 
sary for the requirements 
of an important machine 
part) as nearly to 100° 

martensite as possible 

providing a_ sufficient 
amount of carbide is 
present and is of the right 
type to insure satisfactory 
With 
and 
superior accuracy and fin- 


resistance to wear. 
the modern design 
ish of contacting stressed 
parts, his job is much 


easier than just a few 


short years ago when a 


even in the best 
application 
0.010 in 


able overload. 


gear 
would move 


under an endur- 


THE “AMOLA” STEELS 

These considerations 
of design and finish are 
appropriate to introduce 


a few final remarks 


“Amola”) steels established, despite passive 
resistance of steelmakers, by C. H. Wills for 
the Chrysler Corp., and also the “triple alloy 
steels” forced upon industry by alloy short- 
ages during World War IL. 


The S.A.E. 4000 series 


about 


Robert B. Schenck 


Credit for 
ploitation of the manganese 


development and = ex- 
steels in 
Bob 
Schenck and is appropriately recorded 
in his @ Distinguished Service Award 
He got his hand in on their produc- 
tion in the vears 1909 to 1914 when, 
with a degree from Lehigh Univer- 
worked as foreman in the 
armor plate department at Carnegie 
Steel Co.’s Homestead Works After 
a_ brief metallurgist for 
Erie went to Flint, 
Mich., as chief metallurgist for Gen- 
eral Motors Axle and in 
1917 became chief metallurgical engi- 
neer for Buick Motor Division. At 
Buick he resumed his interest in the 
pearlitic manganese steels, and it was 
largely through his efforts that they 
were eventually standardized as the 
S.A.E. 1300 series. Schenck retired a 
year or so ago, but put in some pretty 
strenuous days last fall as a tour 
and technical advisor for a 
group of foreign engineers partici- 
pating in four weeks of plant visits 
as a preliminary to the World Met- 
allurgical Congress in Detroit. 


automotive history goes to 


sity, he 


period as 


Forge Co., he 


Division, 


escort 


the 4000 


Series 


denum-vanadium 
medium-size guns during the last war 
manganese-molybdenum 


The Mo-Mn Comb 


straight molybdenum 
steels, although the man- 
ganese is enough higher 
than average for them to 
be more truly known as 
manganese - molybdenum 
steels) should be most in- 
teresting to any large user 
of alloy steels for applica- 
tions such as we have in 
the automotive industry 
where shallow hardening 
desirable. In 
spite of its “ideal 
1.8 in 

have 


steels are 
low 
critical diameter” 
the “Amola” 
demonstrated an ability 


steels 


to perform equally as well 
as the higher and more 
expensive alloy steels they 
have replaced 

If necessary, the man- 
ganese-molybdenum steels 
could replace all other 
alloy grades of alloy steel 
for constructional appli- 
rather 
broad statement but it is 


cation. This is a 


defensible. They could 


even be used for many 


ordnance parts. I can re- 
member distinctly making 
an experimental heat of 
T-1340 to which had been 
added 0.25% 
num for hardenability 
effects and 0.10% 
nadium for fine grain size 


of molybde- 
of va- 


and high transverse prop- 
erties. Care was taken to 
get the sulphur down and 
to exclude aluminum from 
the heat 
difficulty in 
ing that its physical prop- 


and we had no 


demonstrat- 


erties were in every way 
equal to the regular high- 
nickel -chromium -molyb- 
steel in the making of 
The 
showed 


steel also 


up just as well in firing tests, and in every 
test, from melting to firing, proved to be as 


good as the high-alloy guns 


ation 





often spoken of as It would seem to the unprejudiced seeker 
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Use of 8600 Series Should Be Encouraged 


after the truth that the Chrysler “Amola” 
series has very important possibilities, but 
how much is due to the special “normality” 
tests imposed in the specification and how 
much is due to a standard melting practice* 
is a little hard to say. It is certain that com- 
binations of manganese and molybdenum 
with or without vanadium are of the great- 
est interest up to the point where they cost 
more than the chromium and chromium- 
vanadium steel — and this statement applies 
to any other type which will be good enough 
for the given application and not cost any 
more. Again I say that the cost (to the user) 
should be the basic criterion of choice, and 
this would be affected by machining and heat 
treating costs in the final summation. 


PHE TRIPLE ALLOY STEELS 


During the last war the S.A.E. 8600 series 
was developed by the steel industry primarily 
as a means of saving alloys. In this it was 
highly successful. Also its Mn-Ni-Cr-Mo 
combination is well suited to openhearth 
melting, gives good recovery of residual ele- 
ments in the scrap, and is priced to insure 
a little profit in even the highest-cost steel 
plants. It has more than enough harden- 
ability for any automotive application and 
is competitive in price with the S.A.E. 4100, 
but costs more than the S.A.E. 5100, 4000, 
and 1300 steels. It lends itself to open- 
hearth or electric-furnace melting, as far as 
hitting the analysis is concerned, and in 
normal times its alloy is provided in a large 
part from the scrap. In my opinion, it is 
one of the best alloy steel types available 
today and its use should be encouraged. How 
successful it will be will depend on how 
much the competition from lower-cost types 
of automotive steel can affect its position. 

The S.A.E. 8600 series was developed 
primarily to save nickel for armament and 
other war needs. During the present rearma- 
ment and stockpiling program there is even 
some discussion about replacing nickel in 
ordnance because of its scarcity. This seems 
a little illogical when a simple step would be 
to convert the nickel-containing gear and 
bearing steels used for civilian purposes to 


*Much of the success in working a low-hardenabil- 
ity steel depends upon the uniformity of melting prac- 
tice and the uniformity from heat to heat of the type of 
sulphide inclusions. 
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the cheaper chromium or manganese-molyb- 
denum types. The nickel so saved would 
certainly take care of the gun, shot, and 
armor-plate needs and help meet the wartime 
demands for stainless 


SUMMARY 


Better design of alloy gears, shafting and 
other automotive parts, together with greatly 
improved mountings to eliminate harmful 
stress concentration due to deflection under 
load, and with more accurate manufacture 
and finer surface finish, have greatly im- 
proved the service life in the past 15 years. 
This has resulted in very much less accent 
on the importance of basic alloy composition, 
so that the available lower-cost, lower-alloy 
grades can, with the highly developed heat 
treating control now available, be used inter- 
changeably in automotive applications. 

The shallow hardening manganese- 
molybdenum (“Amola”) steels in Chryslei 
cars have demonstrated that there is more 
than enough hardenability in any of these 
steels and that more than the minimum hard- 
enability is really undesirable. The straight 
chromium S.A.E. 5100 series, the manganese- 
molybdenum .S.A.E. 4000 series, and the 
medium-manganese S.A.E. 1300 series will 
be the logical tonnage steels of the days 
ahead, principally because they are, over-all, 
the most economical. 

Small additions of boron and similar 
elements to increase the hardenability will 
be perhaps warranted in a few applications, 
but it is difficult to prove that additional 
hardenability is needed except where the 
quenching facilities are poor. Where trans- 
verse properties are especially important it 
would be better to get it in the steel mill by 
controlling the deoxidation with silicon and 
manganese, eliminating the aluminum and 
using vanadium to get the highly desirable 
“fine grain normal” structure. 

The demand for “quality” grades of ton- 
nage low-alloy steels which will require 
specified types of sulphide inclusion in addi- 
tion to a fine grain will increase the demand 
for very low-sulphur steels. This will be 
met in days to come by improved methods 
of sulphur reduction and by the use of a 
sulphur-free charge. When the really low- 
sulphur, fine-grained steels become economi- 
cally available, a new day will dawn, metal- 
lurgically speaking, in the thinking of what 
constitutes quality in automotive steels. © 





GIANT NICKEL STEEL SHAFT... 
installed as a replacement on a 54” 
crusher, to assure maximum service 
life for The International Nickel Co., 
at Copper Cliff, Canada. Overall length 
21'6”, maximum diameter 3’8”, bore 6” 


How Nickel Helps a Crusher 


PUT THE SQUEEZE ON COSTS 


Many forgings are so large that only part of the mass can be worked under the 
press before the steel has to be reheated. These large sections of steel, typified 
by this crusher shaft, so limit the cooling rate as to make liquid quenching 
ineffective. 


Consequently, improved strength, hardness and other properties that prolong 
life of large forgings are much more dependent upon wise selection of alloy 
content than is the case with small forgings. 


Because of these facts, the large crusher shaft shown above was forged from 
a 160,000-pound ingot of 234 per cent nickel steel... produced, rough-turned 
and heat-treated by the Bethlehem Steel Company, and finish-machined by the 
Traylor Engineering Company of Allentown, Pa. 


After normalizing and tempering, two tests on longitudinal specimens, taken 
from a prolongation at mid-radius, averaged as follows: 


Tensile Strength ... 80,000 p.s.i. 
Yield Strength... . cee aweee cc 
Elong. in 2” 28.0% 
Red. of Area... - . 583% 


The strengthening effect of nickel on ferrite is independent of carbon content or 
heat treatment of the steel, and its effectiveness in reducing the rate and tem- 
perature of the upper transformation, induces better response to the necessarily 
milder heat treatments used. 


Nickel alloy steels may help you obtain peak performance from vital parts 
of your products or equipment. Send us the details of your problems for our 
suggestions. Write us now. 


At present, most of the nickel produced is being diverted to defense. Through 
application to the appropriate authorities, nickel is obtainable for the produc- 


tion of engineering alloy steels for many end uses in defense and defense sup- 
porting industries. 


THE INTERNATIONAL NICKEL COMPANY, INC. wiwvors's x. 


SEPTEMBER 1952; PAGE 96-A 


4 ae nO A 


—— 





-96 ADVd *eo6l YUMANALdYS *LAAHS VLVG SSHHDOUd IV.LAN 


‘uoTBULIOJsuBIy WIdS (6) (SUOTPBOYIOVdS .SIOJOPY [B1IUIH) YSTl “A'V'S ‘Seles xxgl (suoT}BOyToeds sIOJOWFY [B19UeD) 
‘mns00 ABU UOT}BULIOJSUBIy JO SaTjalivA pazlinydinsal asauesZueul-moyT (p) sj903S “AVS Jo SajalivVaA asauBsuBu-MOT (Q) 

wids & sajeI Jajsvy yYyMIIOS ye Buyooo uO /(/) ‘suoT{BOYyToeds (,s10}0/V @BUBI UOTIISOdUIOD UBAUI BY} 1OJ Paze[No[Vo aie 
S[903S (,SIOJOWF [B1VUeH) ‘Ays (3) [819U9H) ‘Ay'S JO sajawea asauvszuvu-ysty (9) (7184S aysuezIeUI) samnjeredula} “FW (D/ — SALON 





cg9 ss (6) O9L 09z1 OIbI 08zI 0Z8F 
SZL (6) 008 OIEI SCIFI SLZI S18 - S6II SLEI GZS CbET (a) SIZ 
OLZT SOPl OfeT 0Ss86 c09 OSIT visa OfbI CIgI OOF clzi OSI CcLSI SLEI (9/ S10z% 
0921 OztI OvET 086 SSL O6IT  Ogel SLbl gel 0z9b $1999 [949IN 

08zI OLET OfeI £9L6 082 0021 OOFT O6I OFET SI9b ' (a) 

cozt OOFT CzEl ChE oss OLII csel OLST ore! 809% : cast on oae = oo oar 
O8ZT OZbI oget Obb6 StS OlzI Orel SZbl Seel OEb OSII ofel Ofbl OzEI OPET 
S8zI S6FI OIgI o1e6a 0ZL OFIT ose O6FT seel OzeF O9TI OFET OFFI Ofel See 
Osel 00ST OOF 0926 oes 08zI OSEl Olt OLET OSTt OLIT OSET OLPI SZEl Ofel 
ogel 00ST OOF 6Sz6 c6s 08zI OLET OStI Osel ObIF 0611 GLET OIST CEEl OzEI 
OIst SCIFI OFEI OSL ied O8ZT oget SLbI S6ET celled S]9918 asouvsueyy 


cag 08zI 06st 06FI C6El Of 
STEl CZF SPEI SbL8 2 
OfEl CEPI CEI ObL8 sos O6IT —09zt 00FI ovel £906 po coat oie pn poe 3 
Ocel cchl Ccel SELB cI9 00Z1 Ofel ObbI OFET LbOP os OFZI Ose! O6Fl ozel ofelX 
OZPI O£SI Ose! OZL8 os9 Oz! Ofel Obl OFET ZbOF ’ CEI CEFl OzsT ChEL cIel X 
OfPl OFST OSEI 6IL8 089 OlzI OLET SLPl crel LE0b . olzl OFEI O0FI OIgt IbILO 
cost | ore | met | moe | | Sr et ot ee | oe ceet etek SIE RIID 
S6z1 OzFI Osel 0S98 opel OFPT Ost Oset £206 — cczl OIsI Osst ceEl 0z11O 
Orel ofr ose S¥98 gine BR = ; Chel S61 0zsT GpEl SIIIO 
Sze SEbl Osel 0698 S}993S WNnuUIpgqs[OW oszI 09ST 099T Ssel Zid 
SvEl ost oset Se98 O9TT —OBZT cebl oeel oleed s1991§ 3uyjND 214 


OLEI 09tI Sel 0£98 : . 
06eI S8Fl OSel Sz98 < 0021 sel SLET Over = (9 / OSTEX 06z1 OFET SII osel S6019 


STFI Szst osel 0298 O@ZT ore! OOFT O€EI = (9/ OFZE 08zI 0621 Scel Pel 08010 
sjaa1s sony-atdiay ; Oset = ST HT SPT OSET | (9/ SIZE SLZI Orgt OSel OFET OLOTO 
OIZI SLZI Oger ccEl Ost 0gzI Oeel osel CeEl 2/ S901 X 

SLET OstI SBET OsT9 0221 00gT c6El ScEl ChIE - OLZI Szel Osél OFET c901O 
SLEl Oster O6ET Seg OfzI Seel OIF OSEI IbIE c9z OFET GLET OFET 09019 
SLEI CSPI 06E1 (2) OFI9 ObZT Oot Ofbl osel (?/ ObIEX OLZI Oeel OOFT ceel (9/ ¢cOlLxX 
OLel Ost O6ET = (9) SET 0zZI Ofel OIFI SCEl OFIE - 09zt osel O6E1 OPE! ssolo 
OLET | SBI O6eT /9/ O&I9 0zzI ose! CEPl OvET cele OLZI oeel 00FT Stel | /(q/0S0IX 
O6ET 06% (9/ S@I9 OfZI ose! OSI CPET oste 0921 C9EI SIbl OvEI osolo 
OFFI SPST 0z19 O£zI SSbl CLI Osel Oz OLZI oeel OzFI Geel (Q/ SPOT X 
osbI | osst | (a) SII9 ObZI OLFI 00ST ccEl Site 0921 Geel CEPI Orel SbOLO 


19938 Wnipeue,-wniwosy,) 819978 WnWO01Y)-[249IN OLZI OFET Ostl OvET (Q/ OPOITX 
ta | 00FT Schl OFET OFOTO 


Ozer ST9T Over ootesa S78 0zz1 o0FT S8z1 SIse coal CZbl CLPL OFEl ra) fe) 
0821 OZ Ogel Osis OLOT Ost OFET 08zI OSEz : OSZI Ost S6FI OFET 0f0TO 
opel Ost o9et OPIS 0901 O6IT CbEI SLZI Chez oszI OLFI CéSI OvEl Sz0lO 

O6>I OLEI ocis osol O6IT ccel SLZI OFEZ . 09z1 ccc ceEl zz010 
OLbl OFST OItl OZTs OF0I 0611 SLET 08zI O£ez : 0921 00ST SSSI CeEl 0z019 
OSEl OZPI SEEl 960 026 SEZI OzbI C8ZzI_ | (8) OZEZ oszI GzsI 08ST CeEl SI0lO 
OLET OSbl OOfT CHOS OIIT OFET SZbl c6zI LIEZ 0921 09st OI9T CeEl O10lo 

819938 wWniwosy) (3409) S[9238 [@49IN S199I8 U0gsE,) 


“UV | ae “UV | dd. “OV | a. “OV a. °%V a. “UV dE. “OV | “OV ‘a. ‘ay ‘a. “YvV W. “OV | dd. OV 
ON 3dA “ ON 3dA.L ‘ ON 3dAL 
SNITIOOD MOIS NO ONILLVEH MOTS NO ONITOOD MOIS NO ONLLVIE MOTS NO ONIIOON MOIS NO ONILVEH MOTS NO 

















“PUI[BOUUL [BLOIOUIIOD JOy Fulpoos-aoeusny UT se awies ay) yNOGe Buroos pue sur Udye} ‘punod “ul-][ JO SY¥SIP “Ul-s, PoyouINb Jo aanjponsajsosor Fururuexsd Aq punogy 
“yea JO AeY “UMOUYUN Jao]s JO ozIs Ulest) “SyUAUIAJOUT “QZ ye VoRUANY WoW saounysur ysout up “dao yaagg oyjquday ‘j014)81Gq fioyyy jo4juay Jo fisopoaogn’y fig 


SPVIIS A0F SoAnjpusodmay_, Peo svmaixouddy 

















—_ 


he Situation is Gripping .... 


o* \ 








SHARON QUALITY ALLOYS SPECIFIED 
FOR VARIETY OF MULTI-PURPOSE CLAMPS 


ii sT- Wane (-Taslolalc MN Z-MMalohZ-MER Lolo loh Manic) 


assembly. Working with a leading 
allele} o\-1-1el Malo Miaalelo(-MElal-MReligageh al 


a folasloMMmaalelalehcolaitla-1@mmelalel cela alel- 
clamp an. important item. It must el Silo} ol to Mo lalo MM olgeleltla-1o Me Ea lolaale) 
A steel that meets or r 25 eve 
Wabi al sielale MiB ic-Janl-lale (ole) Mmm al-tol Melale ” eee ae 


maximum requirement. If your par 
wal olgehilolaMmAlislel imcellltlc-Meolam ete) 
ticular situation calls for stainless 
efficiency. It must be light in weight coated or special alloy strip steel 
you should know the Sharon repre 


sentative nearest -you. 


yet tough and strong; it must be 


aalelo(-MiioMe] ilo) wAicl att >) (bMET-Taelale Mel: 
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Established Uses of Straight 
Chromium Stainless Steels 


BALTIMORE, Mp. 

Most of the recent publica- 
tions dealing with the substitu- 
tion of straight chromium for 
chromium-nickel stainless steels 
have centered around applica- 
tions using flat rolled products 
such as sheet and strip. Long be- 
fore the current restrictions on 
the use of nickel, the straight 
chromium grades were widely 
used in thé form of bars and wire 
for a variety of applications. 
Since this experience goes back 
over many years, it should be in- 
structive to review briefly in 
what type of applications they 
have had success, where they 
have shown particular advantage, 
and where they have shown cer- 
tain limitations. 

In Table I are listed some of 
the outstanding applications of 
the 400 series. This list is far 
from complete but it does illus- 
trate typical bar and wire uses. 

Types 403, 410, and 416 have 
been very satisfactory for forged 
and machined parts and can be 
heat treated to develop a wide 
range of tensile strength and 
hardness. They have been used 
primarily for applications requir- 
ing high strength coupled with 
moderate corrosion resistance. 
They have been highly satisfac- 
tory in contact with steam, gaso- 
line, and similar mild environ- 
ments. In the atmosphere or 
immersed in river water they are 
subject to rust staining but cor 
rode at very slow rates. These 
alloys have good creep strength 
up to about 950° F. and will resist 
destructive scaling up to 1200° F. 

Types 420, 420-F, 440-C, and 
440-F are highly hardenable al- 
loys and in the hardened condi- 
tion exhibit good resistance to 
sterilizing solutions and to most 
foods. Practically all cutlery is 
now made from Type 420 of 
modifications of it; such steels 
are particularly useful for cut- 
ting tools and in applications re- 
quiring resistance to wear and 
abrasion. Because these steels are 
softened if heated above 950° F., 
they are not commonly used for 
heat resistance. 

Types 430, 430-F, and 446 are 


not | 
heat 


made 
given 


washers, 


1ardened significantly by considered if they are substituted 


treatment and are 
the annealed 


condition 


used in for 18-8. 
Trays ype 446 has excellent resist- 


of Type 430 wire have ance to corrosion and in some 


excellent service 
refrigerators, 


in dish- environments may be superior to 


and like 18-8. It has been used primarily 


applications. The grade has been in heat resisting applications 


widely used in food 


handling since it will resist scaling up to 


equipment and for various cold about 2000° F. It has low notch 
headed products such as screws toughness and welds tend to be 


Substitution of Straight 
Chromium Stainless Steels 


for Chromium-Nickel Types 


and 1 
comn 
430 


widely 


in fe 


1uts. Stainless steel trim is brittle. In many bar and wire 
ionly attached with Type applications, however, this is no 


fasteners. Type 


0d processing 


430-F is detriment and the alloy deserves 
used for machined parts consideration for applications 
equipment. where highly corrosive media 


Both grades have good resistance are met. 


to sealing up to 1500° F, 


Above In general, the straight chro- 


about 900° F. they do not possess mium stainless steels can be 
as high strength as the chromium- forged without difficulty and the 
nickel grades and this should be sulphur-containing grades, par 


Table I — Illustrative Uses of Straight Chromium Bars and Wire 


TYPE 


403* 


410 


4167 


4120 


420-F 


440-C 


440-F 


NoMINAL ANALYSIS 


te ™% CR 


ESTABLISHED Uses 


Group I Hardenable, Martensitic 


0.10 
0.10 


0.10 


OR 
OR 


0.10 


* Turbine quality. 


Steam turbine blades, jet engine air compressor 
blades, rifle gas chambers. 

Trash racks in dams, coal stoker parts, wet gas 
well valves. 

Fine instrument parts, water pump shafts, golf 
club heads. 

Cutlery, drive screws for metal storm sash, med- 
ical instruments, plastic molds. 

Paint spray nozzles, self-tapping screws, milk 
bottling machinery parts. 
Surgical bone cutters, aircraft propeller bear- 
ings, oil well check valves, fuel nozzles. 
Pickle-packing machinery, can-closure rolls, 
meat-grinder blades 

II Nonhardenable, Ferritic 

Dishwasher and refrigerator trays, textile loom 
parts, fasteners, gas range grates. 

Beverage bottling parts, oil burner nozzles, food 
mixer parts. 

Molten salt bath electrodes, glass annealing con- 
veyer racks, thermocouple wells. 


‘Sulphur or selenium added to these grades for machinability. 
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Many Approved Uses 


ticularly Types 416 and 430-F, 
have very good machining prop- 
erties. 
machined at rates considerably 
higher than are possible with the 
chromium-nickel types. Types 
410, 420, and 430 are very well 
suited for cold headed products. 
They do not harden with cold 
work nearly as much as the chro- 
mium-nickel types and Type 430 
has been preferred to 18-8 for 
severely upset parts such as re 


These grades can be 


cessed head screws. 
F. K. Bloom 
Research Metallurgist 
Armco Research Laboratories 


N.P.A. Regulation M-80 Lists 
Many Approved Uses for 
Chromium Stainless 


New YorkK CITY 

As to just where and undet 
what conditions the substitution 
of the straight chromium types 
for the nickel-bearing stainless 
steels can be made, the Metal- 
lurgical and Conservation Branch 
of the Steel Division of the Na- 
tional Production Authority has 
made tremendous strides in this 
direction during the last nine 
months. As a result, the N.P.A. 
has published Order M-80, Sched 
ule A, which contains four long 
lists of stainless steel products 
which do not permit the use of 
nickel. This gives quite an im- 
pressive list of items, and except 
for the railroad car item (which 
involves a special combination of 
high strength, welding and cor- 
rosion properties), it has been 
mutually agreed by the stainless 
producers, fabricators, and users 
that all items listed can be prop- 
erly formed and welded from the 
straight chromium steels, and 
that these steels have satisfactory 
corrosion resistance for these ap- 
plications. However, these items 
deal mainly with stainless steel 
products such as those related to 
automotive and building materi- 
als, household appliances, laun 
dry and hospital equipment, 
which are usually subjected to 
atmospheric or mildly corrosive 
conditions. It is in this field that 
the major portion of nickel has 
been conserved in stainless steel 
uses to date. 

Conservation of nickel in 
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stainless steels used in the proc 
ess chemical industries presents 
a more serious problem. We have 
had approximately 25 years of 
experience in this field with the 
use of straight chromium steels 
for construction materials used 
for mild or strong oxidizing con 
ditions. For example, nitric acid 
of all concentrations is made in 
Type 430 equipment which in 
cludes extremely large, welded 
Concentrated 
nitric acid has been transported 
in all-welded 8000-gal. tank cars 
for the last 20 years. 


pressure vessels. 


There are 
also many applications involving 
a combination of oxidizing and 
reducing conditions where Type 
130 stainless steel is entirely sat 
isfactory. If the corrosive condi 
tion is mainly reducing in action 
either the general (over-all so- 

lution) or local pitting types 
it is very unlikely that the straight 
chromium steels can be substi- 
tuted for the nickel-bearing 
grades. In any event, any substi- 
tution that is made for the more 
severe corrosive conditions of the 
chemical industry must be based 

on experience or service tests. 

G. A. SANDS 
Electro Metallurgical Co. 


Limited Uses of Type 400 
Steels Laid to Lack of 
Incentives 


MILWAUKEE 

Prior to the period of nickel 
shortage there had not been too 
much incentive to use the straight 
chromium grades in tubular 
products because the price differ- 
ential was relatively small. In 
addition, ductility and manipula- 
tion requirements frequently fa 
vored the improved properties 
found in Type 304. 

Generally speaking, we have 
also often resorted to up-grading 
in the selection of the proper al 
loy for certain applications. This 
is true for many uses where Type 
130 could be substituted for Type 
302, or even 304. However, if any 
doubt existed, we selected the 
higher grade. This was often be 
cause of our reluctance to learn 
to use less easily worked or fab 
ricated grades. 

Of all of the Type 400 series 
alloys, the Type 430 seems to of- 
fer most advantages as a substi- 
tute. In addition, a 430 grade has 


been developed using titanium, 
which has improved the ductility 
of welds. This has permitted an 
acceptable welded tube when 
made by the conventional fusion 
methods. This grade has re- 
sponded particularly well to in- 
ert-gas-shielded welding practice. 
The lower chromium (12%) 
Type 410 has more limited cor- 
rosion resistance and has air 
hardening properties that are fre 
quently objectionable. Type 442 
(21° chromium with 1% cop- 
per) could be studied for a num- 
ber of applications. We have 
been producing this in tubular 
form for a number of years for a 
heat resisting application which 
has been very successful. It has 
higher corrosion and oxidation 
resistance than 430 but is limited 
in high-temperature strength 
when compared with the nickel 
chromium grades. Type 446 (25 
to 30° Cr) offers excellent high- 
temperature oxidation resistance 
but poor high-temperature 
strength. It also introduces diffi- 
cult fabricating and production 
problems in many items. 
Summarizing, it appears that 
Type 430 and Type 430 modified 
with titanium offer considerable 
promise for many applications. 
However, it is strongly recom- 
mended that in considering any 
substitution the matter be thor- 
oughly considered from all an- 
gles and that competent help be 
solicited before substitutions are 
made. While my company has 
not had much occasion to substi- 
tute, in view of the urgent de- 
mand for the nickel-chromium 
grades of tubing for critical de- 
fense work, doubtless many nor- 
mal applications could be con- 
sidered for such substitution. 
ELMER GAMMETER 
Director of Laboratories 
Globe Steel Tubes Co. 


Urges Wider Use of 
Chromium Stainless Alloys 


UNIVERSITY, ALA, 

I believe that there is a very 
large field where the chromium- 
iron alloys may be used to re- 
place the 18-8 alloys during this 
period of acute nickel shortage. 
In fact there has already been 
such a trend; the production of 
the chromium alloys has sur- 
passed the chromium-nickel va- 
rieties for the past two years. 





In the early days of the use 
of these alloys, many fabricating 
difficulties retarded their adop- 
tion. It was soon discovered that 
the austenitic types were much 


more ductile, better for welding . 


and more easily fabricated than 
the chromium varieties. Since 
the final fabricated cost at that 
time was similar for both kinds, 
it was natural for consumers and 
equipment fabricators to specify 
the 18-8 type. However, as the 
users of these stainless grades 
became more familiar with their 
characteristics and their appli- 
cations, many of the fabricating 
headaches were overcome and, 
for the past ten years, it has 
been possible to buy equipment 
made from either type of alloy. 

There is no doubt in my mind 
there are innumerable places 
where the more common 18-8 
alloy may be displaced with 
plain chromium alloys. Some of 
these are tabulated below: 

1. Household appliances such 
as sinks, stove tops, ash trays and 
many other gadgets where corro- 
sion is mild. 

2. Food processing and han- 
dling equipment, soft drink bar- 
rels, counter tops, restaurant 
equipment, tanks, sheet-type pas- 
teurizers, pumps and other mis- 
cellaneous canning apparatus. 

3. Oil refining equipment, 
tanks, still tubes, return bends, 
pumps and piping. (The 5 to 9% 
chromium still tubes are now 
standard.) 

4. Architectural and ornamen- 
tal materials such as spandrels, 
plaques, railings, spouting and 
building sheets. 

5. Automotive applications in- 
volving body trim and hardware, 
as well as other uses in this field. 

It seems possible that at least 
50% of the applications where 
18-8 alloy is now specified may 
be considered as potential possi- 
bilities for the use of straight 
chromium alloys. From a con- 
sumption of 300,000 tons per year 
of chromium-nickel alloys, a pos- 
sible saving of about 50% of the 
nickel requirement might be 
achieved. This would amount to 
15,000 tons of nickel annually. 

The substitution of the straight 
chromium materials will cause 
some redesigning to conform to 
the different properties of the 
substitute and also a considerable 
change in the fabrication opera- 


tions. The greatest difficulty will 
probably arise in complicated 
weldments and assembly prac- 
tices; a reduction in the amount 
of welding may need to be con- 
sidered. It will also be much 
more diflicult to get satisfactory 
tubing and pipe in the chromium 
alloys because the manufacture 
of this kind of tubing has always 
been much more troublesome in 
the welded or seamless variety. 

Knowing that many of the 
problems related to this substi- 
tution have already been over- 
come, it seems obvious that a 
much larger effort should be 
made to increase the use of the 
straight chromium alloys so as to 
further conserve the very strate- 
gic metal, nickel. I believe that 
the use of nickel in steel should 
be restricted as much as possible 
to those high-temperature appli- 
cations where it has a specific 
value and where it is known that 
none of the nickel-free alloys are 


of value. ive ; 
E. C. Wricut 


Head 
Dept. of Metallurgical Engineering 
'niversity of Alabama 


Many Uses Where Corrosive 
Conditions Are Not Severe 


MOTHERWELL, SCOTLAND 

The question of the substitu- 
tion of 18-8 type stainless steels 
by those of the 400 series is one 
which cannot be answered with- 
out having very detailed knowl- 
edge of the exact requirements 
which the component is expected 
to meet. These requirements in- 
clude, among many others, the 
corrosive medium, the method of 
fabrication and the degree of cor 
rosion which can be tolerated. 
Bearing in mind these limitations 
we can, however, make certain 


Bases for Choice 


generalizations on the problem. 

Many applications for Type 
400 steels are to be found in the 
food processing industries where 
the use of stainless steel is dic- 
tated by the desire for appear- 
ance and cleanliness rather than 
by the severity of the corrosive 
conditions. As an example of ap- 
plications where these steels may 
be used due to the fact that a cer- 
tain amount of corrosion can be 
tolerated, one can mention pump 
impellers, hydro-electric turbine 
runners, and ship propellers. 

Very large quantities of steel 
similar to Type 431 are used in 
this country. It has a corrosion 
resistance only slightly less than 
that of 18-8, together with good 
mechanical properties. Unfortu- 
nately, it presents difficulties in 
working and is generally not 
available in bar form or as cast- 
ings. The hot working properties 
of the 400-type steel are generally 
superior to those of the 300 series, 
but the 400 series is definitely 
more difficult for forming opera- 
tions involving cold working. 
The straight chromium stainless 
also presents fewer difficulties in 
casting and machining than do 
the steels of the 18-8 type. 

R. HUNTER 
Deputy Managing Director 
Clyde Alloy Steel Co., Ltd. 


Substitutions Based on 
Knowledge of Metal and 
Application Are 
Successful 


PITTSBURGH 

Since the demand for nickel 
has again exceeded the supply, 
the chromium stainless steels 
have been widely substituted for 
the austenitic 18 Cr, 8 Ni varie- 
ties such as 302. Many of these 
substitutions have been quite suc- 
cessful, particularly those which 
were made with a full apprecia- 
tion of the requirements of the 
application and the inherent 
properties of the straight chro 
mium steels. Investigation of 
those instances where trouble has 
been encountered reveals that the 
steels had been asked to do the 
impossible. 

For example, the austenitic 
types, particularly 301 and 302, 
can be cold worked to high ten- 
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Fabrication Techniques 


sile strengths and yet retain good 
ductility. The ferritic grades, 
such as 430, do not have this 
characteristic. Types 410, 420 
and 440, however, can be hard- 
ened by heat treatment. Welding 
techniques have been well estab- 
lished for the chromium-nickel 
grades but welders need help 
when they are asked to join the 
less familiar chromium types if 
brittle welds are to be avoided. 
The ideal procedure in welding 
430 involves a preheat at about 
300° F., a postheat at about 1400° 
F., and hot-peening of the weld 
metal. Obviously, this cannot be 
done in every instance, but spe- 
cial techniques or chemistries 
may be recommended depending 
upon the application involved. 

Type 302 has remarkable 
toughness even at subzero tem- 
peratures, whereas 430 does not. 
On the other hand, the straight 
chromium grades do not have the 
high coeflicient of expansion and 
low thermal conductivity which 
sometimes are a disadvantage in 
the chromium-nickel steels. The 
straight chromium steels, due to 
their lower ductility, were not 
considered as well suited for 
deep drawing as the 18-8 types; 
with proper rolling practice and 
correct die design and lubrica 
tion, 430 has been drawn into ar 
ticles which surprised even the 
most optimistic “experts”. 

Corrosion resistance compari 
sons are not quite so well defined, 
since it is difficult to measure this 
property accurately. Conditions 
vary so much that “Yes” or “No” 
statements are avoided It can 
be said that under many circum 
stances, particularly those which 
involve oxidizing rather than re 
ducing conditions, straight chro 
mium steels are as satisfactory 
as the nickel-bearing stainless. 
By the same token, in some uses 
where 430 has not performed 
adequately, it is likely that 302 
would also have failed. 

Each individual application 
must be considered on its own 
merits. Nonnickel-bearing stain 
less steels can be used quite suc- 
cessfully when the recommenda 
tions of our experienced metal 
lurgical engineers are followed. 

D. W. KaurmMan 
Metallurgist 
Crucible Steel Co. 
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Fabricating Difficulties 
Being Overcome 


SCHENECTADY 

Recent removal of C. M. P. 
controls from the straight chro 
mium stainless should encourage 
stronger efforts by designers and 
manufacturers toward the = suc- 
cessful application of these steels 
in fields heretofore restricted to 
the alloys of the 300 series. 

While it is generally true that 
the popular 18-8 offers greater 
resistance to corrosion than the 
12 or 17° chromium of the 400 
series, there are no doubt many 
applications where the straight 
chromium would, if tried, give 
satisfactory service. 

The heat treatable steels of 
the 400 series have long been 
used successfully for numerous 
applications such as turbine 
blades, fan blades, motor and 
pump shafting, gears, cutlery, 
and even kitchen utensils. Many 
of these applications were tried 
and proved before the introduc 
tion of Cr-Ni steels about 1925. 

Among the steels of the 400 
series, the 17° chromium alloy 
(Type 430) is the one most fre 
quently suggested as a replace 
ment for the 18 chromium 
8 nickel alloys. This alloy has 
been satisfactory for a variety of 
applications in the field of corro 
sion and heat resisting service. 
Successful applications are 
shelves for refrigeration cabinets, 
refrigerator ice trays, bolts and 
screws, parts for measuring in 
struments, kitchen utensils, win 
dow frames, and decorative trim. 

Strange to say, this steel is less 
frequently discarded because of 
inferior resistance to corrosion 


than because of welding, brazing 
or other fabricating difficulties. 
In the electrical industry, it is 
frequently discarded for those 
applications requiring, in addi- 
tion to corrosion resistance, low 
magnetic permeability. However, 
many of the fabricating difficul- 
ties encountered can be overcome 
and are being overcome. For ex- 
ample, the spot and seam welding 
of Type 430 sheets has been 
helped by the addition of tita- 
nium in amounts equal to 5 to 7 
times the carbon content. 

Machinability, while more dif 
ficult than with many of the car- 
bon steels, compares favorably 
with that of the austenitic steels 
of the 300 series. In bending, cold 
heading, drawing and spinning, 
the behavior of the Type 430 steel 
is not greatly different from that 
of the plain low-carbon steels. 
Soldering and brazing operations 
can be applied to the Type 430 
steel, provided the surfaces are 
properly cleaned and a suitable 
flux is used. An exception to this 
statement, however, can be taken 
for the 430 alloy modified by ad- 
ditions of titanium; silver braz- 
ing has up to now failed to pro- 
duce an eflicient joint for some 
conditions of service. 

In general, many of the objec- 
tions to the use of the straight 
chromium steels can be overcome 
if earnest efforts are made in the 
way of changes in design and 
methods of fabrication. These 
changes should be supplemented 
by a program of practical corro- 
sion tests. There has been too 
much of a tendency for designers, 
lacking definite knowledge of the 
behavior of the straight chro- 
mium steels, to specify alloys of 
the 300 series, and to look upon 
the additional cost as a small pre 
mium for insurance against fail 
ures in service. 

W. F. Hopes 
General Electric Co 


Successful Fabrication 
Depends on Correct 
Technique 


SHEFFIELD, ENGLAND 
During the past year great 
strides have been made in the 
substitution of straight chromium 
stainless steels for the chromium- 
nickel austenitic grades. Although 
the former had been used for 





some trim work, they had never 
been considered where any deep 
drawing or welding was in- 
volved, and research has proved 
that with a correct technique they 
may be both deep-drawn and 
welded. 

The three grades for consid- 
eration are the 13% Cr, 17% Cr 
and 20% Cr steels, all with a car- 
bon content under 0.10%. Of 
these the 13° Cr has been used 
for hollow ware and for applica- 
tions where the corrosive influ- 
ence is very mild and the metal 
receives regular washing; the 
17% Cr for indoor trim work 
where regular attention is not 
given and for outdoor trim work 
where frequent attention is given, 
while the 20% Cr will give good 
resistance to corrosion both in- 
doors and outdoors, even without 
regular attention. 

All these straight chromium 
steels spin remarkably well and, 
using a correct technique, will 
deep-draw well. Owing to the 
fact that the elongation of a 
straight chromium stainless steel 
is only about half that of an 
austenitic stainless steel, stretch- 
ing in deep drawing must be 
avoided, and this is the factor 
which determines the deep draw- 
ing technique, the secret being to 
avoid stretching and to encour- 
age feeding in of metal by redue- 
ing the pressure-plate pressure 
to a minimum, carefully develop- 
ing the blank size and lubricating 
efficiently. 

Using these techniques, some 
particularly interesting pressings 
have been produced, which in- 
clude sink bowls and drainers, 
beer barrel bottoms, tableware 
(teapots, hot water jugs, tank- 
ards, three-partition vegetable 
dishes), hospital lotion bowls, 
telephone finger dials, beer trays, 
saucepans, and housewares. 

Welding presented a problem 

for the thinner gages this is 
overcome by development of a 
high welding speed which re- 
duces to a minimum the grain 
growth and subsequent embrittle 
ment to which these steels are 
prone. Some of these steels, in 
addition to grain growth (which 
may cause embrittlement), can 
stiffen due to martensite forma 
tion; therefore, a post-welding 
The ad 
dition of titanium or columbium 
to these steels reduces this danger 


tempering is advisable. 


of grain growth, and ductile 
welds are possible without spe- 
cial welding technique. (It should 
be remembered that a mirror pol 
ish cannot be obtained on these 
alloys if they contain titanium 
or columbium, and even a dull 
polish presents some difficulty.) 

We have found in these steels 
that an area adjacent to the weld 
is attacked by boiling in a solu- 
tion of copper sulphate and sul- 
phuric acid in the same way as a 
nonstabilized 18-8 Cr-Ni 
and this danger is removed by 
titanium-bearing steel. 


steel, 


using a 


This phenomenon is not serious 
for ordinary domestic purposes 
or for commercial uses where 
no chemical process is involved. 
It will be seen, therefore, that 
the straight chromium stainless 
steels are able to take their place 
in the pattern of our life, and for 
many of the applications for 
which they are being used will 
give a life equal in every way to 
that of the Cr-Ni austenitic stain- 

less steels previously used. 

C. B. TuPHOLME 

Liaison Metallurgist 
Samuel Fox & Co., Ltd. 


Welding and Brazing 


Three Factors Affect Weld- 
ability of Chromium-lron 
Alloys 


WALTHAM CROss, ENGLAND 

Martensitic stainless steels 
containing from 11 to 14% chro 
mium and over 0.1 carbon suf- 
fer from lack of ductility in the 
as-welded condition and have a 
tendency for hardenability crack- 
ing (in plate or weld) which may 
be aggravated by the presence of 
hydrogen. 

Fully ferritic chromium steels 
containing 16 to 30% chromium 
suffer from lack of ductility in 
the as-welded condition due to 
phenomena associated with the 
solution of carbides at tempera- 
tures above 1200° C. (2190° F.). 

All plain chromium steels ex- 
hibit notch-brittleness at 
temperature and it appears im- 
possible to remedy this defect. 


room 


These three factors seriously 
affect the weldability of the 
chromium-iron alloys and neces- 
sitate the adoption of additional 
precautions when welding these 
materials for industrial applica- 
tion. Thus, to improve ductility 
of welds produced in the chro- 
mium-iron alloys, preheating to 
400°C. (750° F.) and tempering 
at 750° C. (1380° F.) after welding 
is recommended for the marten 
sitic alloys, and 
200°C. (390° F.) followed by 
tempering at 750°C. after weld- 


preheating to 


ing is advised for the ferritic al- 
loys. It is usually observed that 
the ductility of weldments of 
chromium stainless steels is more 
satisfactory when using thinner 
plate material and highly alloyed 
stainless electrodes of the 25-20 
type than when welding thicker 
material with electrodes of 
matching composition. 

It is our opinion that if sub- 
stitution of the austenitic steels 
by the plain chromium steels is 
unavoidable, weldability will be 
least impaired by the use of clad 
material or sheet material up to 

-in. thick for which the effects 
of shock and stress are less pro- 
nounced. In such applications 
the use of E310 or E310-Cb elec- 
trodes of small diameter will be 
least troublesome; although if it 
is anticipated that high stresses 
may arise during welding it may 
be advantageous to buffer the 
clad layer, first using E310 elec- 
trodes and, to complete the stress- 
carrying run of weld metal, using 
a 17-10-Mo type electrode. 

From the aspect of corrosion 
resistance, it is advisable to limit 
the substitution of high-nickel 
stainless steels by the chromium- 
iron alloys to applications involv- 
ing mildly corrosive media where 
the use of unstabilized 18-8 steel 
has proved more than adequate. 
We believe it is most unlikely that 
the special grades of high-nickel 
stainless steel containing such 
elements as molybdenum, tita- 
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nium and columbium which have 
been developed for use in condi- 
tions involving highly corrosive 
media can be satisfactorily re- 
placed by plain chromium. 
M. C. T. BysTRAM 
Research Investigator 


W. IL. PUMPHREY 
Research Manager 
Research Department 
Murex Welding Processes, Ltd 


Fabrication Techniques for 
Type 430 Stainless 


MIDDLETOWN, OHIO 
Of the 140 commodities affected 
by the N.P.A. allocation and con- 
trol of nickel, many are available 
today only through the use of 
Type 430 stainless steel. While 
the majority of substitutions have 
involved replacement of nickel- 
bearing Type 302 with Type 430 
chromium stainless steel, plated 
products affected by these regu- 
lations have been engineered to 
use Type 430 stainless, finished 
mechanically to high luster. 
Prior to this regulation and in 
a free market, the more expensive 
Type 302 was used in preference 
to 430, even under conditions 
where equivalent performance 
was indicated by service tests. 
Preference for the nickel-bearing 
type has been attributed to lower 
fabricating and finishing costs 
than possible with Type 430, and 
total cost per fabricated item al- 
most invariably has been lower 
with the Type 302 product. 
Previous fabricating and serv- 
ice experience with both the 300 
and 400 series of stainless steels 
has influenced the selection of 
the 400 series steel used for pur- 
poses of substitution. The most 
versatile of the 400 series steels, 
on the basis of over-all consider- 
ation of fabricating properties 
and corrosion resistance, has been 
Type 430, and it has been the 
most frequent selection for re- 
placing the widely used 302 alloy. 
In the substitution of Type 
430 for 302, modification of draw- 
ing operations has usually been 
necessary. Often, minor redesign 
of the part to ease sharp radii 
has been helpful. The more in- 
tricate deep drawn items have 
required more operations and 
extra anneals have been neces- 
sary to restore ductility at criti- 
cal stages. Type 430 stainless 


modified with titanium has better 
ductility than regular Type 430. 
rhe modified steel has proved to 
be more economical to fabricate 
where marginal performance has 
been experienced with Type 430. 
However, parts drawn or formed 
from either steel and finished to 
high luster require more cutting 
operations than Type 302 to de- 
velop surface smoothness suit- 
able for buffing. 

Welding techniques have been 
successfully modified to take into 
account the properties of Type 
430 in which welds and heat 
affected zones are martensitic and 
brittle. Freedom from brittleness 
and intergranular corrosion in 
acid media has been accomplished 
by proper annealing. Often, how- 
ever, use of Type 430-Ti has pro- 
vided a more workable answer 
to the problem, for with this 
grade the weld metal and heat 
affected zones both are free from 
martensite. 

The experience with silver 
brazed Type 430 joints immersed 
in water has been that Type 430 
corrodes at the junction of the 
two alloys. Visible rust appeared 
within a few hours and complete 
separation occurred after several 


Seriemns sound EO 


days. While modifications in sil- 
ver brazing technique and alloy 
are expected to alleviate the cor- 
rosion, service tests are recom- 
mended for applications involving 
silver brazed joints in the pres- 
ence of weak electrolytes. 
Hard-temper Type 430 sheet 
and strip has successfully re- 
placed half-hard Type 301 sheet 
for conditions requiring good 
elastic properties. To make this 
substitution, parts must be of 


Working Type 430 


simple design because the fabri- 
cating properties of hard-temper 
Type 430 are poor. Household 
appliance, commercial dish- 
washer, and commercial laundry 
machine components have been 
made successfully from hard- 
temper Type 430. 

When an increase in section 
can be tolerated in the design of 
heat resisting parts made from 
300 series stainless steels, use of 
lower strength Type 430 or 446 
is generally possible. Annealing 
covers for box annealing made 
from Type 302-B stainless have 
been replaced with thicker covers 
of Type 430. This replacement 
has been successful except in un- 
usually high-temperature opera- 
tions where distortion has been 
experienced. 

Examples of products success- 
fully converted to Type 430 stain- 
less steel include automotive 
items, components for domestic 
household appliances, and hotel 
and restaurant equipment includ- 
ing back bars, counters and table 
tops. Architectural components 
such as panels, trim, kick plates, 
doors, curtain walls, and roof 
drainage are expected to perform 
well, except in coastal regions 
where outside exposure for Type 
430 stainless steel is not recom- 
mended. 

M. E. CannuTHERs 
Supervising Metallurgist 
tesearch Laboratories 
Armco Steel Corp. 


Deep Drawing Techniques 
for Reduced Fabricating 
Costs 


READING, PA. 

| have probably been the 
strongest exponent of Types 430 
(16% Cr) and 443 (0.20% C, 18 
to 23% Cr, 0.90 to 1.25% Cu). It 
has always been a great personal 
pleasure to ferret out a job where 
people are using a two-horse team 
to pull a one-horse load. Figure 
1, p. 104, shows a job using 430 
for retainer caps which requires 
eight operations, this work being 
done on a 200-9 Waterbury Far- 
rell transfer press. Obviously, no 
intermediate annealing should 
be done on this machine set-up. 
The cap is ‘% in. deep and 0.096 
in. inside diameter. 
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Stamping Thin Sheet 


Figure 2 shows the successive 
steps and dimensions for a part 
made from Type 443. Again we 
have a multi-operation job done 
on a Waterbury Farrell transfer 
press, which means no possible 
chance of intermediate annealing. 
The complete story of this job ap- 


over a period of twenty years that 
the relationship of the radius on 
the draw die to the radius on the 
punch has a very definite bearing 
on whether the job will be made 
or not. Probably you can sum up 
this whole thing simply by say- 
ing the Type 400 steels do not 
progressively harden as do the 
chromium-nickel series; to work 
them successfully requires that 


@ os sti ii 


Fig. 1 


peared in the June 1950 issue of 
Machinery. Operations started 
out on a 2%-in. disk of 0.010-in. 
steel and wound up in a cup 2.14 
in. deep and 0.440 in. 
diameter at top. The work was 
done by Advance Stamping Co. 
in Detroit; in fact, both of these 
jobs were originated by the 
writer for a manufacturer on the 
West Coast. 

Quite a number of similar 
examples would very definitely 
show that 75 to 85°: of the jobs 
made from Type 302 can be suc- 
cessfully made from Types 430 
and 443 it is simply a matter 
of stamping technique. Too often 
the attempted use of these alloys 
is abandoned because the oper- 
ator meets with failure due to the 
fact that the stamping practice 
used for other alloys is not suit 
able for these. 


outside 


The answer is relatively sim 
ple: In drawing the 300 series, 
anywhere from 45 to 55° reduc 
tion is taken on the first cup 
a successful practice with the 
nickel-chromium grades but a 
mistake when working with the 
Straight chromium steel. It has 
been my practice never to ex- 
ceed a 30 or 32% 
the first draw. 

The other problem 
causes SO many 


reduction on 


which 
failures is the 
lack of attention paid to the de- 
sign of the punch and draw die 
Stretching certainly is a condi- 
tion to avoid when working with 
straight chromium steels because 
of the lower elastic limit inherent 
in this material. I have found 
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4 4-In. Deep Cap Formed Without Intermediate Anneal 


stretching of the material be held 
to the barest minimum. 

Of course, there is a price dif- 
ferential between the 300 and 400 
series. That, however, | consider 
very minor compared with the 
inany jobs which we have helped 
to put into production that show 
significant savings in the fabri- 
cating cost. It has been proved a 
number of times that on certain 


the final operation, which was 
really nothing more than a re- 
strike die, we annealed to have 
the part in the softest possible 
condition and get our close toler- 
ances after the restrike. 

When discussing annealing of 
Type 302 versus 430 or 443, it 
must also be remembered that the 
100 series anneal at about 1350° F. 
This temperature produces a very 
slight scale and there is no diffi- 
culty removing it. However, the 
300 series alloys, such as 302, 
require temperatures of 1850 to 
1900° F.; this means that careful 
cleaning is before the 
material goes in the furnace, and 
even with the best condition of 
cleanliness, a pretty hard scale is 
produced — one which requires 
rather severe pickling and often 
etching of the surface to com- 
pletely descale 


needed 


unless you are 
lucky enough to have a sodium 
nitride descaling tank. 

I have seen conditions such 
as those just described which 
have brought as much as a 20¢ 
per lb. saving on the manufac- 
turing cost. Certainly, savings 
of this kind are more easily ob- 
tainable through intelligent sub- 
stitution than by leaving the 
problem in the hands of a pur- 


eset 


> 


Fig. 2 
Head. 


jobs where Type 302 has required 
intermediate anneals between 
draws we can either reduce the 
number of anneals or eliminate 
them entirely (if there is only 
one intermediate anneal) by 
using straight chromium steels. 
Thus, on a recent job where 
formerly Type 302 was used and 
for which three intermediate ‘an- 
neals were required, we success- 
fully made the job using Type 430 
and only one intermediate anneal 

and that was done to some 


rather close dimensions. Before 


Successive Steps in the Production of a Generator 
Forming was done on a multiple-die transfer press 


chasing agent whose only ap- 
proach is to cut all the corners 
possible so as to buy the material 
at the lowest possible price. No 
steel mill can possibly afford to 
cut prices to this extent. 

I definitely believe, and have 
proved it many times, that the 
majority of manufacturers are 
using a two-horse team to pull a 
one-horse load when they use the 
Type 300 alloys. 

E. Von HAMBACH 
Research & Development Engineer 
Carpenter Steel Co. 





Aircraft Maker Collecting 
Data on Service Life 


San Digco, CALIF. 

We are beginning to be con- 
fronted with the problem of fab- 
ricating experimental parts out 
of the 400 series stainless steels 
for applications requiring heat 
These 
parts, at the present time, are 
being made from one of the aus 
tenitic stainless steels or nickel 
alloys and in all probability will 
continue to be made from the 
same alloys for some time into 
the future. The experimental 
parts are being produced to ob- 
tain service data pertaining to 
the ability of Type 400 stainless 
grades to withstand the rigors of 
exhaust system or jet component 


and corrosion resistance. 


life. For applications such as air- 
craft exhaust systems, very little 
factual data can be obtained in 
less than a year because it takes 
that long to accumulate 1500 to 
2000 hr. of flying time. 

Some of the new jet designs 
incorporate considerable amounts 
of 400 series steels. On the basis 
of our experience in the fabrica- 
tion of these parts and of experi- 
mental substitutes for exhaust 
systems, we have not gained 
much respect for these substitute 
steels. Of course, the ability to 
produce is a matter of becoming 
accustomed to the various prob- 
lems, but these steels introduce 
heat treating and stress relieving 
requirements in excess of those 
for the austenitic stainless steels; 
also, although easy enough to 
weld, the welding must be accom- 
plished with greater care and at 
times by the additional opera- 
tions of preheating and postheat- 
ing. Drop hammer forming of 
this stainless requires a complete 
revamping of techniques and 
processing to work the metal sat- 
isfactorily. 

The biggest stumbling block 
to the use of the 400 series is the 
lack of information concerning 
service life. It is true that most 
of us in the aircraft industry have 
had one or more parts fabricated 
from Type 400 stainless steel 
that have given excellent results, 
but that is hardly any assurance 
that any given part should be 
changed overnight from an aus- 
tenitic stainless steel to one of the 
straight chromium types with- 
out extensive and thorough serv- 


ice testing. For this reason any 
substitution for the 300 series, in- 
sofar as existing designs are con- 
cerned, probably will be long and 
involved. We are all willing to 
try the straight chromium types, 
but on a production basis it is 
likely to be a long up-hill pull 
before any general trend in this 
direction will be noticeable. 

W. G. Huppenr. 

Chief Metallurgist 

Ryan Aeronautical Co. 


grades has accounted for consid- 
erable controversy insofar as 
magnaflux and other inspection 
procedures are concerned, 

The attainment of optimum 
mechanical properties in the 400 
series steels is often by way of 
heat treatment frequently very 
difficult to control due to the 
extremely critical chemical bal 
ance in the analyses. For exam- 
ple, it has been observed that 
Type 431 responds very differ- 


Aircraft Industry Takes 


a Cautious Attitude 


Few Substitutions of 
Type 400 for Type 300 
Series in Airframes 


HAWTHORNE, CALIF, 

It has been pointed out that 
the 17% chromium steel (Type 
430) is used extensively for such 
applications as door handles and 
automobile trim and that they are 
very corrosion resistant. How- 
ever, it must be noted that this 
application has extremely low or 
insignificant stress characteris- 
tics. The uses of 400 series alloys 
in precision castings for latch 
mechanisms and in bar stock for 
engine support fittings are com- 
mon applications founded on me- 
chanical properties and corrosion 
and heat resistance not available 
in 300 series steels. 

The preponderance of stain- 
less steel used in aircraft is 
sheet applications. Whereas the 
columbium and titanium stabi- 
lized products serve excellently 
at elevated temperature, it is 
doubtful if products of the 400 
series could be expected to with- 
stand any necessary high stresses 
above 600° F. 

The homogeneity of chemical 
constituents in the 300 series 
steels is essentially of a high or- 
der and rejections due to discon- 
tinuities are infrequent; it has 
been our experience that the seg- 
regation of chromium in the 
straight chromium stainless 


ently to a given heat treatment 
when the chemistry within the 
specification chemical limits var 
ies appreciably. 

In general, it is believed that 
insofar as airframe applications 
are concerned, very few substitu 
tions can be made of Type 400 
series for Type 300 series, 

Keiru F, Finiay 
Research Engineer 
Northrop Aircraft, Inc. 


Special 410 Preferred for 
Pressure Equipment In 
Aircraft 


BuFFALO, N. Y 

Many of the large metal work 
ing industries now are looking at 
the 400 series stainless steels as 
second-choice materials. In cur- 
rent designs, Bell Aircraft Corp. 
has met performance demands 
by specifying these steels as first- 
choice material. 

Specifically, the problem was 
this: It was necessary to manu 
facture large pressure vessels 
which were required not only to 
operate at high pressures, but 
also to have excellent corrosion 
resistance. Weight, as in any air- 
craft product, was an important 
factor. Therefore, our engineers 
specified that the material must 
have a minimum tensile strength 
of 180,000 psi. 

Selected heats of Type 410 
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High-Pressure Tanks 


stainless met these requirements 
admirably, and over the past few 
years a great many cylindrical 
tanks and tanks made of coiled 
tubing have been manufactured 
from this steel. We say “selected” 
because it was found that Type 
419, melted to the commercial 
chemical limits, 
sometimes would not respond ad- 
equately to heat treatment. This 
was due to large quantities of 
ferrite which were retained in 
the structure at the austenitizing 
temperature. A procurement 


composition 


specification was written requir- 
ing that carbon be held on the 
high side (0.10 to 0.15°°) of the 
commercial range, and chromium 
on the low side (11.50 to 12.50% ). 
With these selected, restricted- 
chemistry commercial heats, a 
fully martensitic structure is ob 
tained using only an air quench. 

All types of fabrication opera 
tions are performed in the manu 
facture of these tanks, including 
resistance seam welding and gas- 
shielded-are fusion welding. A 
preheating temperature of 350 to 
500° F. is used in the fusion weld- 
ing operation. The excellent air 
hardening characteristics of this 
type of steel are indispensable 
because air seems to be the only 


satisfactory medium 


quenching 
for large tanks. 

Bell is satisfied that, for these 
applications, the 400 series steels 
are first-choice materials and not 
substitutes dictated by 


shortages 


current 


\. E. Leacn 
Metallurgical Engineer 
G. F. Kappens 
Chief Metallurgist 
sell Aircraft Corp. 


Prefer the 400 Series Alloys 
for High-Strength Uses 


DALLAS, TEX. 

We have used the 400 series 
allovs in the fabrication of our 
products not as a direct substitute 
for the 18-8 types, but rather for 
their corrosion and heat resistant 
characteristics at the high-strength 
level of 175,000 psi. (ultimate ten- 
sile strength). Specifically, the 
steels used were bar and rod 
forms of Types 403, 410, 418,* and 

*Type 418 (nonstandard) is 
low-carbon 416 with a_ tungsten 
addition. 
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431. With the exception of Type 
431, all exhibited an uncertainty 
in reaction to heat treatment on 
account of the normal variations 
in chemical analysis that take 
place from heat to heat. It was 
determined that it is necessary to 
have similar analyses for all heats 
so as to get similar heat treating 
characteristics and thus avoid 
retempering operations on each 
heat of material. 


The control of carbon is most 
essential. This is best illustrated 
in Types 410 and 403: Type 403 
is similar to 410 but is known 
as the turbine quality grade of 
the 12% chromium steels. It is 
made within the composition 
limits of Type 410 but carbon 
and silicon are restricted to give 
uniform hardening during heat 
treatment. 

Type 418 steel is similar to 
103, 410 and 416 but has the 
addition of tungsten. It has a 
higher creep strength and resist- 
ance to high-temperature effects 
than any of the other grades. 
Should one desire to use _ this 
alloy at a high-strength level, it 
would be necessary to specify 
close tolerances in chemical anal- 
ysis to assure uniform heat treat- 
ing procedures. 

Type 431 is the alloy used by 
this company with the most suc- 
cess. Although from the aspect 
of chromium conservation this 
alloy might not be the most de- 
sirable because it has a 2% nickel 
content, it does have the most 
satisfactory reaction to heat 
treatment of all the types men- 
tioned; from our point of view, 
it has proved most desirable. 

Aside from the disadvantages 
of the inconsistency of reaction 
to heat treatment, the chromium 
stainless alloys have other idio- 
synerasies which might be well 
toremember. They are as follows: 

1. Temperatures from 800 to 
1100° F. should be avoided with 
all these alloys due to loss of im 
pact and corrosion resistance. 


2. Bolts made of straight chro- 
mium stainless must be fastened 
with nuts of 18-8 to prevent the 
seizing or galling which would 
result from using like material. 

3. Procurement of these alloys 
at the present time is a problem 
in that they are not normally 
stored by most warehouses and 
must be purchased from the mill. 

4. These chromium-iron alloys 
will discolor and therefore, where 
appearance is a factor, they 
hould be plated. 

As has been mentioned, we do 
not use these alloys as a direct 
replacement for the 18-8 stainless 
steels but rather for their specific 
high-strength characteristics. 
Companies that must replace the 
18-8 type with the 400° series 
alloys will probably not be con- 
fronted with most of the prob- 
lems mentioned. 

S. F. HELD 
Supervisor 
Metallic Materials 
Chance Vought Aircraft Division 
United Aircraft Corp. 


Preliminary Investigation 
Offers Promise 


Los ANGELES 
A preliminary investigation 
to determine if it would be feasi 
ble to consider A.LS.1. Type 430 
as a substitute for A.I.S.1. Type 
302 (annealed) sheet products 
has shown enough promise to do 
some further work for which 
we have just ordered material. 
Formability and mechanical 
properties are comparable to 
those of annealed Type 302. We 
have not yet investigated the 
weldability of Type 430. 
R. R. JANSSEN 
Material and Process Engineer 
North American Aviation, Inc. 


Poor Corrosion Resistance to 
Salt a Serious Drawback 


WASHINGTON, D. C, 

United States naval aircraft, 
by the very nature of their pri- 
mary mission, are subject to salt- 
laden atmospheres. Because of 
this, the use of straight chromium 
steels has been limited. The re- 
sistance of the chromium grades 
of corrosion resisting steels to at- 
tack by this atmosphere, when 
compared to the chromium-nickel 
grades, has generally been poor. 








However, in a number of air- 
craft turbines, Type 403 is used 
as the material for compressor 
vanes and disks. In this applica- 
tion, the material, although se- 
lected primarily for its excellent 
damping characteristics, is also 
subjected to heat (from ambient 
temperatures to about 500° F., 
depending on engine type and 
the location of the part within 
the engine), fatigue stresses and 
salt atmosphere. Except for the 
latter requirement, Type 403 is 
eminently satisfactory. 

Figure 3 illustrates severe at- 
tack in the compressor section of 
a carrier-based jet plane. While 
the average amount of corrosion 
is less intensive than that illus- 
trated, the problem nevertheless 
is with us and must be resolved. 
Various types of coatings and 
plating (including a light flash of 
chromium) are being tested but 
results are thus far inconclusive. 
(LCpr.) E. J. WHeEELAHAN, U.S.N. 

Metallurgical Engineer 

Navy Bureau of Aeronautics 


Fig. 3 


Polish and Plate to Prevent 
Development of Rust 


SEATTLE, WASH. 

Type 400 stainless steels have 
been used in the airframe indus- 
try rather sparingly. We have 
used A.LS.1. Types 410 and 420 
heat treated and drawn in the 
range of 600° F. Originally we 
specified a tensile range of 180,000 
to 220,009 psi. for the 410 grade 
when quenched in oil from 1800° 
F. and drawn at 600° F. We have 
learned that this was somewhat 
higher than can be obtained if 
the carbon content is on the low 
side and the chromium content 
is on the high side of the speci- 
fication. We are now specifying 
a tensile range of 160,000 to 200,000 
psi. when drawn at 600° F. We 
have used it in the tensile range 
of 110,000 to 140,000 psi. when 
drawn at 1150° F. 

Precision castings of the Type 
410 analysis have given us some 
trouble from a consistency stand- 
point. We have found some very 


Corrosion on Blades in Compressor End of Jet Engine 


i ~ 


Rust Prevention 


hard parts within a heat treated 
lot, some being near 230,000 psi., 
while other parts in the same 
group checked at 190,000 psi. To 
have satisfactory appearance 
after exposure to weather, the 
castings have to be plated or 
buffed to a high polish. The 
Type 420 is specified with a ten- 
sile range of 240,000. to 280,000 
psi. when drawn at a tempera- 
ture of 600° F. 

Some corrosion tests have 
been run on these 12% chromium 
alloys and we find they require a 
very good polish to keep from de- 
veloping rust pits on the surface. 
As-cast surfaces, sandblasted sur- 
faces or rough machined surfaces 
rust quite rapidly when exposed 
to wet weather; when used in 
these surface conditions, we re- 
quire that the metal be plated. It 
shows best resistance to corro- 
sion when heat treated. 

Type 431 is being used for 
corrosion and heat resistant bolts. 
It contains 17% Cr and 2% Ni 
which improves corrosion resist- 
ance considerably. The bolts are 
heat treated to a minimum ten 
sile strength of 115,000 psi. 

Type 440 stainless has been 
used for pump parts, bearings 
and bearing races. We are, 
at present, considering making 
welded tanks from 410 or 431 
sheet material. The tank will be 
heat treated to a tensile strength 
of 180,000 to 200,000 psi. Air 
hardening properties of this 
analysis are interesting when 
considering heat treatment of 
large bulky parts. 

J. W. Sweet 
Chief Metallurgist 
Boeing Airplane Co. 

Seattle Division 


High Corrosion Resistance of 
Chromized Coatings 


CAMBRIDGE, ENGLAND 

One difficulty in the replace- 
ment of 18-8 class steels with 
straight chromium irons or steels 
is that, for equal or nearly equal 
corrosion resistance, a consider- 
ably higher chromium content is 
needed. Even Type 446 (23 to 
27% Cr, 0.35% max. C) is by 
no means always successful, and 
irons or steels of still higher chro- 
mium content, which are expen- 
sive in chromium, have doubtful 
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mechanical properties due to the 
possible formation of sigma con- 
stituent during some conditions 
of heat treatment. 

A way in which the favorable 
corrosion resistance of iron 
highly alloyed with chromium 
can be utilized without the dis- 
advantages just mentioned lies in 
the use of chromized mild steel 

that is, mild steel that has 
been heat treated in atmospheres 
containing volatile chromium 
compounds, or in salt baths con 
taining dissolved chromium com- 
pounds, so as to produce an 
alloyed surface layer. The chro- 
mium content on the outside of 
the chromized layer may reach 
40% or more, and the mean chro- 
mium content of the layer is 
around 20°. Consequently, for 
many applications chromized 
mild steel parts can have a better 
corrosion and oxidation resist- 
ance than the best available 
straight chromium irons, and can 
replace 18-8 class steels with lit- 
tle or no loss of efliciency. 

The earliest chromizing proc- 
esses utilized chromous chloride 
as the volatile chromizing re- 
agent; this was either generated 
from metallic chromium and 
hydrogen chloride gas, or from 
solid chromous chloride carried 
on porous refractory material, 
and was usually carried in hy- 
drogen. Under such circum- 
stances, both interchange and 
reduction reactions (T. P. Hoar 
and E. A. G. Croom, Journal of the 
Iron and Steel Institute, Vol. 169, 
1951) occur on iron or mild steel 
surfaces exposed to the chromiz- 
ing vapor between 1830 and 
2000° F., 

Fe > Cr 
H,, — Cr 


Crcl, 
crcl, 


FeCl, 
2HCl 
and interdiffusion of chromium 
and iron leads to the type of alloy 
layer described. 

Early chromized coatings suf- 
fered from several disadvantages, 
notably a tendency to porosity. 
While for heat resistant purposes 
such porosity is of no great ac- 
count, for corrosion resisting 
purposes it can be very serious. 
Several newer processes have re 
cently been described; in one, a 
salt bath* rather than a carrier 
gas is used to contain the chro- 
mizing reagent; in another, chro- 
mous fluoride? is used rather 
than chloride; and in a third, 
chromous iodidet is the active 


reagent. This last process is of 
particular interest; operating as 
it does as a “pack” process, with 
little loss of iodine, it is not as 
expensive as might at first thought 
appear. The reagent gas also con- 
tains ammonia, which cracks on 
the steel surface and decarburizes 
it to extent, removing 
another difficulty in the forma- 
tion of chromium-iron alloy coat- 
ings on a carbon steel, 
Chromized parts made by the 
last process are in use in Great 
Britain in agricultural machin- 
ery; food-processing and chem 
ical equipment; photographic 
apparatus; washing machines and 
the like where otherwise 18-8 
steel parts would have to be used 
Heat 
resistance uses include parts for 


some 


for corrosion resistance. 
gus and kerosene stoves (chro- 
mized sheet is an approved speci 
fication for the latter). 


420 and 431 in 


Used for Compressor Blades 


COVENTRY, ENGLAND 
We have used chromium-irons 
corresponding approximately to 
Types 403, 420 and 431 for a 
considerable number of 
They have been ‘used for com- 


vears. 


ponents where good resistance to 
corrosion or scaling was required 
but where stresses were low, or 
high temperatures were not en- 
countered. These were not cho- 
sen as substitutes for the 18-8 
types but solely on their own in- 
trinsic merits. 

Types 420 and 431 equivalents 
have been used extensively for 
compressor blades and the pri- 
mary reason for this choice is 
that higher tensile properties can 
be obtained than in the 18-8 
alloys. Our preference is for 
Types 403 and 420 for all pur- 
poses, the use of Type 431 (2% 
Ni) being gradually discontinued 


*I. E. Campbell, V. D. Barth, 
R. F. Hoeckelman and B. W. Gon- 
ser, Transactions of the Electro- 
chemical Society, Vol. 96, 1949, 
p. 262. 

+P. Galmische, Res. Aeronaut., 

14, 1950, p. 55. 

TR. L. Samuel and N. A. Lock- 
ington, Metal Treatment, Vol. 18, 
1951, p. 354. 


4 matter still outstanding in 
the production and use of chro- 
might 
more accurately be designated, 
chromium-iron-surfaced steel 


mized steel or, as it 


is the provision of high mechan 
ical qualities of the basis metal 
after the chromizing treatment. 
Since the chromizing process 
must take place at the rather high 
temperature of 1830 to 2000° F,, 
distortion and structural changes 
are liable to occur with straight 
mild steels, and for some appli- 
cations the mechanical proper 
ties of the treated material will be 
insuflicient. There is no doubt, 
however, that just as special 
stock is used where carburizing 
or nitriding is to be carried out, 
special chromizing stock will be- 
come available in the future. 
T. P. Hoar 
Department of Metallurgy 
University of Cambridge 


British Engines 


owing to its tendency toward 
low cross-grain properties 

Our only experience with these 
three alloys is confined to bar or 
forgings, but we have made some 
laboratory tests on a high-chro 
mium stainless iron sheet. We 
have no immediate use for this 
material, because our general 
practice is to use mild steel or 
low alloy sheets, except where 
conditions of temperature and 
stress make the use of another 
analysis advisable, and in such 
situations we go directly to the 
18-8 types. 

As we are not concerned with 
finish from an ornamental point 
of view and we do not as a rule 
have any difficulty in producing 
adequate corrosion protection of 
nonstainless alloy components, 
there is no reason for us to use 
plain chromium steels instead of 
nonstainless alloys. 

We only rarely weld any of 
these, but when we do, postheat 
treatment is always used. Whei 
ever possible, mechanical fabri 
cation methods are utilized and 
the general rule is to treat the 
materials as nonweldable. 

C. A. DALTON 
Chief Metallurgist 
Armstrong Siddeley Motors, Ltd 
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Some Rules for Using Tubular 
Products of the 400 Series 


BEAVER FALLS, PA. 

I'vpe 430 is likely to be the 
most widely used substitution for 
18-8 in tubular products and will 
serve admirably for ornamental 
use, for various requirements in 
the chemical field (especially re- 
lating to nitric acid production 
and nitration work), and may be 
used in certain heat exchange 
equipment. In welding this grade 
and the higher chromium Type 
146, grain growth is likely to 
occur and although stress relief 
treatments between 1300 and 
1500° F. will improve ductility, 


equipment, particularly in oil re- 
fining, and it is not subject to 
embrittlement; it can be used 
successfully at various tempera- 
tures up to its sealing point of 
about 1250°F. It is resistant to 
high-sulphur oils and has been 
used in a number of installations 
in oil refinery heater tubes, es- 
pecially in those circumstances 
where the pressures are moderate 
so that the stresses imposed on 
the tubing can be adjusted to 
conform with the high-tempera- 
ture properties of this material. 
Type 410 is useful also in me- 
chanical tubing which can be 
hardened and tempered for oil 
field equipment, valve parts and 


many other items. Composition 


Welded and Seamless Tubing 
—Properties and Applications 


these metals are likely to be 
impact-sensitive and subject to 
notch failure. Both are subject 
to the well-known 885" F. em- 
brittlement and use is generally 
avoided between 700 to about 
1000° F. because of the fragility 
of these materials after exposure 
within that temperature range. 
Type 446 is also subject to sigma 
phase precipitation between 1000 
to about 1300° F., and may also 
become severely embrittled in 
this range. Both alloys exhibit 
a loss in corrosion resistance in 
certain media, especially after 
885° F. embrittlement, and the 
higher chromium alloy suffers to 
some extent if sigma phase is 
present. 

In general, the rules for use 
should be to avoid service tem- 
peratures of 700 to 1000° F. on 
Type 430, and 700 to 1350° F. on 
Type 446. At higher temperatures, 
Type 446 will serve admirably as 
a heat resisting material and can 
be used for air heaters or re- 
cuperators and it serves very well 
for stationary soot blower tubes 
in boilers where it has been a 
commonly used material for such 
service, 

Type 410 is a useful steel for 
a wide variety of heat exchange 
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can be adjusted, within usual 
specification limits, so that good 
hardenability can be secured (on 
simple air normalizing and tem- 
pering treatments) with mechan- 
ical properties considerably 
above those of the annealed con- 
dition. Tubes of Type 405 are 
available and are commonly used 
where nonhardening character- 
istics are desirable for welded 
constructions. 

The production of welded 
tubes from Type 410 is somewhat 
fussy, due to the air hardening 
nature of the alloy, but it is being 
successfully welded in light gages 
by observing certain precautions 
of preheating and stress relieving 
so as to avoid weld cracking. 
Where higher mechanical prop- 
erties in the heat treated form 
are required than are available 
in Type 410, these can be ob- 
tained by using Type 414. 

Likewise, Type 443 (20% Cr, 
1.0% Ni) can be employed where 
the corrosion resistance of Type 
$30 is not quite adequate. The 
comments given above with re- 
spect to aging embrittlement and 
sigma phase are applicable to 
Type 443 alloy, which is also 
subject to 885° F. embrittlement 
and to some sigma phase precip- 


itation between 1000 and 1200° F. 

More detailed information con- 
cerning the properties of these 
straight chromium steels has pre- 
viously been supplied by the 
undersigned in Metal Progress 
articles entitled “Properties and 
Characteristics of 27% Chromium 
Iron” for May 1946 and in “High 
Chromium Irons” for April 1947. 

H. D. NEWELL 
Chief Metallurgist 


Tubular Products Division 
The Babcock & Wilcox Co 


Type 430 Welded Tubing, 
Stabilized With Titanium 


CLEVELAND 

Biggest problem in connection 
with welding Type 430 tubing has 
been inspection for weld quality. 
The weld in the as-welded con- 
dition is extremely brittle and 
fails on any of the standard tests 
which are applied to tubing, such 
as the flattening or crushing test 
and the cone or plug expansion 
test. Subsequent heat treatment 
at about 1450° F. generally re- 
moves or alleviates this brittle 
condition and the tube can be 
manipulated without weld failure. 

Several years ago an investi- 
gation was made to determine the 
influence of a stabilizing element 
such as columbium or titanium 
on the weldability of this grade. 
Extensive substitution of Type 
430 for Type 304 became a neces- 
sity at about the same time that 
columbium was placed on the re- 
stricted list, consequently most 
of the work has been confined to 
the titanium-treated 430. It was 
found that with carbon on the 
low side, chromium on the high 
side and with the addition of 
approximately 0.50% titanium, 
the tube in the as-welded condi- 
tion can be flattened on itself 
(with the weld positioned at 90° 
from the applied load) with little 
or no fracture. Therefore, the 
stabilized grade is preferred for 
its superior weldability. 

Type 430 with titanium is defi- 
nitely recommended if any assem- 
bly welding is to be done on the 
tube, and is also more desirable 
for severe fabrication because it 
better ductility 
than the old Type 430, unsta- 
bilized. It should be distinctly 
understood that the 430-Ti analy- 
sis does not approach the chro- 
mium-nickel grades for ductility 


has somewhat 





and corrosion resistance, and 
there is no inference that the 
addition of titanium eliminates all 
problems in connection with the 
use of Type 430. Any applications 
or substitutions of 430 (either 
with or without titanium) for 304 
should be thoroughly investigated 
before a decision is reached on 
its acceptability. 
Vv. W. WHITMER 
Ass’t. Chief Metallurgist 
Central Alloy District 
J. S. ADELSON 


Chief Metallurgist 
Steel and Tubes Division 
Republic Steel Corp. 


High-Temperature Properties 
of Ferritic Stainless Tubing 


PITTSBURGH 

One of the grades of ferritic 
stainless steel most widely used 
in the manufacture of tubing is 
A.L.S.1. 405 (12% Cr + Al); there 
is also some demand for other 
grades of the 400 series. How- 
ever, the most commonly used 
stainless tubing is of the austen- 
itic type or 300 series. 

In the production of stainless 
steel tubing by the cold drawing 
or tube reducing methods, the 
ferritic grades, in general, are 
more difficult to handle than the 
austenitic. When experience has 
been acquired with the hot ex- 
trusion method, it is quite pos- 
sible that the practice obtained 
with certain ferritic and austen- 
itic grades will be improved. Fur- 
thermore, it may be possible to 
produce by the hot extrusion 
method some grades of stainless 
steel tubing not yet available. 

In the 400 series the Type 405, 
due to its aluminum content, is 
often welded without preheat or 
postheat. The presence of alumi- 
num in the proper amount pre- 
vents excessive hardening in the 
heat affected zone of the weld, 
but a large amount of aluminum 
leads to grain coarsening in this 
region. In addition, the 12% Cr 


Table Il — Impact Values of Ferritic Stainless After Heating 


BEFORE 
A.1L.S.1. EXPOSURE 
TYPE Ft-Lp. 
410 33 
416 42 
405 35 
410-Mo 45 
430 46 
446 1 


900° F, 
Fr-Lp. 


steels with carbon below 0.15% 
may be less susceptible to em- 
brittlement than the higher chro- 
mium steels. Impact properties at 
ambient temperature of Charpy 
keyhole-notch specimens from 
several heats of chromium steels 
before and after 10,000 hr. expo- 
sure at 900 to 1200°F. are re 
ported in Table IL. 

Extensive investigations using 
the Charpy impact have shown 
that the transition temperature of 
Type 410 and 410-Mo steels was 
not adversely affected by expo- 
sure at 900 to 1200°F., but the 
transition temperature of the 430 
steel was raised. The Type 410 
with not over 0.15% carbon also 
appears to be more stable after 
exposure at 900 to 1200° F. for 
10,000 hr. with respect to micro- 
structure and tensile properties. 

Sigma was observed after 
10,000 hr. exposure at 1050 and 


Advantages of Low C 


1200° F. in Type 446. After a 
34,000-hr. treatment at 1200° F., 
sigma was also observed in Type 
410, 410-Mo and 430 steels. 

There has been some increase 
in demand for the high-carbon 
hardenable grades of Cr steels. 
These grades, however, are not 
generally used for high-tempera- 
ture service. For such service 
the low-carbon (0.15% max.) 
grades are usually employed. The 
creep-rupture properties of the 
100 series are inferior to the aus- 
tenitic grades, which has limited 
their use. Some creep-rupture 
properties obtained before and 
after 10,000 hr. exposure at 900 
to 1200° F. are given in Table HI. 

A. B. WILperR 
Chief Metallurgist 


National Tube Division 
U. S. Steel Co. 


Table I1l — Creep-Rupture Properties* 

ALS. 3EFORE EXPOSURE AFTER 10,000 Hr. Exposure 
TYPE 900° F. 1050°F. 1200°F. 900° F. 1050°F. 1200°F. 
410 24.0 11.7 1.9 24.0 12.0 1.8 
405 25.0 92 3.8 9.0 3.6 
430 30.0 12.0 5.0 40.0 14.5 5.0 
304 19.0 27.0 14.0 55.0 29.5 17.2 


*Stress in 1000 psi. for rupture in 1000 hr. 





Contrasted to mechanical appli- 


Applications for Straight 
Chromium Stainless Tubing piping applications, and it seems 


UNION, N. J. that most of the people who 
need tube for pressure work were 
able to justify, either from a cor- 


cations, of course, are pressure 


The amount of straight chro- 
mium stainless tube that has been 
made for replacement of austen- 
itic grades has been, in the main, the necessary nickel-bearing ma- 
terials so that they never had to 


rosion standpoint or some other, 


for mechanical applications. It 
has also been for applications resort to substitutions. 

involving minor corrosion. To However, the use of nickel- 
illustrate, the hospital equipment free or low-nickel stainlesses in 
trade, chair manufacturers and the manufacture of welded tubing 
has not been too extensive. | 
believe that this is a result of 
having an industry that is 100% 
controlled by Washington regu- 
lations so that materials of a low 
priority rating, or no rating, re- 
ceive no manufacturing time in 
the industry. 


other uses of a strictly mechani- 
cal nature involving atmospheric 
corrosion principally, were 
changed over to straight chro- 
mium as a result of conservation 
moves on the part of N.P.A. 


Nevertheless, as a 
company within the industry we 
anticipated a great increase in 
1050° F. 1200° F. this type of merchandise and 
Fr-Ls. F'r-Lp. 
39 21 the following information 

26 : = Because the chromium ferritic 
56 56 54 steels contain chromium in al- 
1 ‘ { 


1 


Exposed 10,000 Hr. 


circulated among the consumers 


most the same percentage as the 
2 austenitic grades which they re- 
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Substitutions Suggested 


place, the use of these steels 
would not oceasion any increased 
drain on the chromium supply. 
Until such time as chromium be- 
comes as critical as nickel, we 
suggest the following alternates 


for consideration 


PRESENT USES CONSIDER USING 
Ornamental, 304 130 
304, 347, 32 445 
316, 309, 310 329% 
*0,10-0.20 C, 0.03 max. S and P, 
1.0 max. Mn, 0.75 max. Si, 26.5-28.0 
Cr, 3.0-5.0 Ni, 1.0-2.0 Mo. 


It is not expected that these sub- 
stitutions will be entirely 
factory in 


satis- 
instance, but 
they will cover many uses. 
Type 430 is entirely adequate 
for many of the corrosion prob- 
lems where 


every 


have 
(due to 
availability and ease of fabrica- 
tion). 


other alloys 


been usually selected 
We have never availed our- 
selves completely of the inherent 
advantages which this alloy offers 
corrosion-wise, due to some slight 
How- 
ever, new techniques and meth- 
ods of welding 
this difficulty. 
In many 


fabricating disadvantages. 
have overcome 


places where Type 
130 is not sufficiently corrosion 
resistant, Type 443 may have suf- 
ficient additional corrosion resist- 
ance, due to its higher chromium 
content and its copper addition, 
to be satisfactorily. The 
added chromium content of this 


used 


type gives it superior corrosion 
resistance to Type 430 in oxidiz- 
ing conditions. It resists molten 
nonferrous metals, such as cop- 
per and brass, has relatively high 
corrosion resistance for mixed 
nitric-sulphuric acids, and excel- 
lent resistance to nitric acid. 

All these ferritic steels have a 
strong tendency to become em- 
brittled in the weld area unless 
annealed after welding. They can 
be welded with gas, electric are 
or any of the shielded are meth- 
ods. It is best to use small elec 
trodes and low currents to mini 
mize the grain growth. They can 
be fabricated by cold working, 
since the rate of hardening dur 
ing cold work is lower than that 
of the austenitic steels (about the 
same as carbon steels). 

Type 430 particularly is good 
for spinning, deep drawing and 
any other type of severe defor- 
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mation. These alloys should bend 
and fabricate as readily 
alloys they replace. 
information is gathered from 
their use, it would be best to 
keep welds on neutral axis in 
making close radius bends. Pol- 
ishing, machining, and cutting 
should not be any more difficult. 

Type 329, due to its greater 
hardness, requires a little more 
power to roll into tube sheets 
and would likely require slightly 
more power to bend. However, 
work hardening, due to cold 
work, is less than in the com- 
parable austenitic types. 


as the 
Until more 


The following products, for- 
merly made of austenitic steels, 
could be made readily of one of 


these substitutes. 


TYPE 
UsepD APPLICATION 
304 Filler tube 430 
304 Door frames 430 
302 Outdoor furniture 430 
304 Soda fountain pumps 430 
302 Textile spindle racks 430 
302 Photographic printer 
support 
304 Rectangular lift on 
filler machine 
316 Fatty acid heat 
exchanger 
304 Paraffin melter 
347 Pilot light tube 
304 Sulphate evaporator 
304 Coils—synthetic rub- 
ber manufacture 443 
304 Heater forpulpliquors 44% 
316 Tube in tube heaters 329 


SUGGESTED 
SUBSTITUTE 


In the corrosion field, Type 
430 has been used successfully in 
the black liquor evaporators in 
the sulphate pulp mills. This 
shows quite a diverse range of 
applications and causes us to be- 
lieve the alloy has greater possi- 
bilities than have previously been 
acknowledged. 

During the second World War, 
Type 443 (20% Cr, 1% Ni) was 
used to resist many mixed acids 
and seems to be able to replace 
304 in many applications. In the 
textile field it can often substitute 
for tubes of 304. 

Type 329 will have a place for 
most applications where 316 was 
formerly used in the chemical, 
sulphite paper, rayon, synthetic 
rubber and food processing in- 
dustries. It will help cut 
down considerably on the 
amount of nickel purchased 
for such uses and thereby 
stretch the nickel over a 
greater number of feet of 
tube than if normal aus- 
tenitic types are used. 

A. S.T.M. Specification 
No. A-268 covers tubing in 
these high-alloy analyses 
for general services. There 
is no corresponding A.S.T.M. 
specification for pipe. 

J. A. Derrricu 
Manager 
Alloy Tube Division 
Carpenter Steel Co. 


Chromium-lron Castings 


Substitution of 18-8 Types 
With Straight Chromium 
Alloys for Castings 


DETROIT 

Straight chromium alloys have 
not generally been regarded to be 
as satisfactory for casting pur- 
poses as the nickel-chromium 
alloys of the 18-8 types. The Alloy 
Casting Institute recognizes four 
types of straight chromium al- 
loys as follows 


A.C.1. CHROMIUM CORRESPONDING 
GRADE % A.1.S.1. TYPE 
CA 15 Type 410 
CA 40 Type 420 
CB 30 Type 431 

CC 50 Type 446 


The CA 15 alloy is probably 
the most popular grade of cast 
straight chromium alloy; how- 
ever its resistance to corrosion as 
measured by the boiling 65% 
nitric acid test would generally 
not be sufficiently good to be used 
as a substitute for 18-8 where the 
latter is actually required. 

The CB 30 (20% Cr) alloy, 
while showing better corrosion 
resistance than the CA 15, is still 
slightly inferior to 18-8, but may 
be acceptable as a substitute 
where conditions are not severe. 
The mechanical properties of the 
low-carbon grade (0.10 max.) 
are inferior to 18-8 but again may 
be acceptable as a substitute 
where these requirements are not 





too severe, especially with re- 
spect to impact. Increasing the 
carbon to approximately 0.18%, 
while improving the ductility of 
the alloy after tempering heat 
treatments, further reduces the 
corrosion resistance. 

The 28% chromium alloy 
(CC 50) in general shows ade- 
quate corrosion resistance (boil- 
ing 65% HNO, test) and from 
this standpoint would appear to 
be better adapted as a substitute 
for 18-8. In order to develop ac- 
ceptable mechanical properties 
in the 28% chromium alloy, it 
appears necessary to use nitro- 
gen modifications or employ 
moderate amounts of nickel in 
the order of 3 to 5° to refine the 
inherently coarse grain structure 
which the high-chromium alloys 
possess in the cast condition. 

Most alloy foundries have had 
sufficient with the 
high-chromium alloys to manu- 
facture the castings successfully. 

R. J. Witcox 
Technical Director 
Michigan Steel Casting Co. 


experience 


2% Ni Is Good for High 
Chromium-iron Alloys 


SCOTTSDALE, PA, 

We have probably had a little 
more experience with the straight 
chromium alloys than some of 
our worthy competitors in that 
the original “Duraloy”, known 
years ago as “Duraloy A”, was 
27% Cr, minimum Ni, and the 
“Duraloy B” was 16 to 18% Cr, 
and those two alloys constituted 
the bulk of our 
should IT say 


tonnage or 
poundage? for in 
those days there was no consid- 
erable tonnage of 
produced, 

We believe that Type 446 
25° Cr) plus probably 3° Ni 
and 1° Mo would satisfactorily 
replace the 18-8 Cr-Ni in its re- 
sistance to pickling acids and 
many related products. The 16% 
Cr with about 2 Ni (Type 431) 


has very good corrosion resist 


these being 


ance in acids and has 
shown very good results in the 


salt spray test. In addition to 


many 


this, excellent physical proper- 
ties can be obtained from it in 
the air-quenched and drawn con- 
dition. Representative physical 
properties for this alloy in the 
air quenched and drawn condi 
tion are as follows 


Tensile strength 160,000 psi. 
Yield point 125,000 psi. 
Elongation in 2 in. 14% 
Reduction of area 412% 


In the heat resisting field, 
however, Type 431 has its limita- 
tions at around 1300° F. (inter- 
mittent operation) because of 
grain growth which usually re- 
sults in cracks. The Type 446 
(straight 25% Cr) in heat appli- 
cations has, of course, excellent 
oxidation resistance but is lack- 
ing in strength. Consequently, in 
any substitution of 446 for nickel- 
chromium it would probably be 
necessary to revise the design of 
the part to offset the difference 
in strength. 

Hanvey T. Hannison 
Vice-President 
The Duraloy Co 





Chemical Industry's 
Experience Is Reasonably 
Satisfactory 


WILMINGTON, DEi. 

rhe restriction on the use of 
nickel and the common 
nickel-bearing stainless alloys 
has resulted in the use of the 
low-nickel and straight chromium 
type stainless alloys for a num- 
ber of applications in the chem- 
ical industry where 18-8 types 


more 


were previously used, or would 
have been used more or less 
arbitrarily if they had been avail- 
able. Fortunately, the restric- 
tions involved were anticipated 
in most instances to the extent 
that test programs could be set 
up to check at least partially the 
usefulness or suitability of the 
proposed alternate stainless alloys 
and decision reached as to 
whether the use was likely to be 
satisfactory or different types of 
construction should be employed. 
In general, where the low-nickel 
and straight chromium stainless 
alloys have been used as alter- 
nates, experience with them has 
been reasonably satisfactory. 
The straight chromium stain- 


less alloys, such as Types 405,* 
410, 430 and 442 (20° Cr) often 
provide adequate corrosion re- 
sistance and in other instances 
are a reasonable compromise be- 
tween carbon steel and the 18-8 
type alloys particularly where 
iron contamination, product dis 
coloration and similar factors are 
the concern rather than general 


vious experience with the use of 
the straight chromium alloys, 
particularly the Type 430 and the 
requirements for heat treatment 
of welded equipment were pretty 
well understood and adopted. 
production of 
the Type 405 alloy, which does 
embrittlement 
incidental with welding that most 


The commercial 


not develop. the 


The Chemical Industry 


Can Extend Applications 


corrosion. It has been noted that 
the straight chromium alloys are 
less subject to pitting and stress- 
corrosion cracking than the 18-8 
alloys, particularly in certain en- 
vironments where chlorides are 
present; this should be of con- 
tinued interest both from direct 
application and as an alloy re 
search and development problem. 

Fortunately, there was pre- 


of the other 400 series stainless 
alloys do, was a timely and wel- 
come improvement for use where 
heat treatment was impractical 
or undesirable. 

The presence of nickel in 
stainless alloys 

*Merrill A. Scheil described 
Type 405 with chromium on the low 
side as a most satisfactory lining 
for petroleum refinery vessels in 
Metal Progress, July 1947, p. 91. 


certainly pro- 
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Good for Nitric Acid 


vides many desirable properties 
not available in the straight chro- 
mium stainless alloys, giving not 
only improved corrosion resist- 
ance but better mechanical prop- 
erties at both high and very low 
Pherefore the lift- 
ing of restrictions on the use of 
nickel will be most 


when it comes. 


temperatures. 
welcome 


L. KR. HONNAKER 
Consultant, Engineering Materials 
Engineering Service Division 

I. du Pont de Nemours & Co. 








Does Not Contaminate 
Mildly Corrosive 
Solutions 


WILMINGTON, DEI 

Principal service conditions in 
the chemical industry for which 
the straight chromium (400 series) 
allovs can be readily substituted 
for the austenitic stainless steels 
are probably (a/ applications in 
Which nitric acid is handled at 
relatively low temperatures, and 
(b certain services involving 
only mildly corrosive conditions 
where freedom from contamina 
tion is the main concern 

In contrast to most European 
and some American practice, we 
have employed 15 to 16 chro- 
mium steel for much of the equip 
ment for the production of nitric 
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acid by the ammonia oxidation 
process. The composition chosen 
is within the range of Type 430 
and was adopted as the best com- 
promise for the particular service 
conditions involved between cor- 
rosion resistance, ease of fabri- 
cation and mechanical properties. 
rhe first 


alloy in absorption towers oper- 


installations of | this 


ating at atmospheric pressure 
were made in 1927 and 1928. As 
the process was converted to 
pressure operation, 15 to 16% 
chromium steel was also used for 
air heaters, preheaters, convert- 
bubble- 
cap absorption towers, storage 
tanks and connecting lines. With 
few exceptions performance has 
been entirely 


cers, cooler-condensers, 


satisfactory and 
much of the original equipment 
is still in service. 

Fabrication is readily accom- 
plished with reasonable care in 
welding, followed by heat treat- 
ment of the welded assembly at 
1400 to 1450° RF. This postfabri- 
cation heat treatment is neces- 
sary to assure both maximum 
corrosion resistance and adequate 
mechanical properties. Tank cars 
of the same material are com- 
monly employed for shipping 
nitric acid. Resistance of prop- 
erly heat treated Type 430 to any 
concentration of nitric acid up to 
about 95°: 
pheric temperature, up to about 
20%. concentration at the boiling 
point, up to about 400 at 158° F., 
and up to about 70% at 140° F. 
The austenitic alloys have a 


is excellent at atmos- 


higher limiting temperature = in 
intermediate and high acid con- 
centrations up to 95% 
Substitution of the 400 series 
alloys for the austenitic stainless 
steels is much more questionable 
for services involving mixtures 
of nitric and 
here are a few instances, how- 


sulphuric acids. 
ever, where this can be done to 
advantage. For example in the 
wooden boiling tubs used in 
smokeless powder production, 
rype 443 
found to be considerably 
resistant to a dilute mixed acid 
condition than any of the aus- 


hardware has been 


more 


tenitic alloys. 

It is not possible to generalize 
on the possibility of substitution 
of the straight chromium alloys 
for the austenitic stainless steels 
in the many and widely varied 
conditions involving organic acids 


and complex mixtures for which 
the latter are commonly = em- 
ploved. In applications involving 
severely corrosive conditions, the 
straight chromium alloys would 
not be satisfactory, but in some 
of the milder conditions substi- 
tutions are undoubtedly possible. 
Unless prior experience is avail- 
able, corrosion tests must be 
their suit- 
However, there are in- 
stances where austenitic alloys 


inade to determine 
ability. 


are used to guarantee against 
contamination even though cor- 
rosion may be essentially limited 
to moist atmospheric conditions. 
For such uses, Type 430 should 
be adequate and, depending upon 
requirements, even Type 410 
might be suitable. 
M. H. Brown 
Supervisor 
Materials of Construction Section 
Engineering Research Laboratory 
». I. du Pont de Nemours & Co. 


Gives Adequate Service in 
Nitric Acid and Ammonia 
Plants 


PITTSBURG, KAN, 
We are using a 16° chromium 
stecl in one of our nitric acid 
plants absorption tower, con 
denser and much of the process 
piping from this alloy. 
When this unit was installed, the 
piping was cut and welded in the 
field, the welds were preheated 
to 400° F., welded with 18-8 co- 
lumbium stabilized rod and then 
stress-relieved for 1 hr. at 1400° F, 
Following the stress-relieving, 
the welds were cooled at a rate 
of 50 to 100° F. per hour to 1100 
F. and then allowed to air cool 


being 


to ambient temperature. 

This piping has now been in 
service for two years and has 
been very satisfactory; no weld 
failures or corrosion of any kind 
have been encountered. 

We also have used a chro 
mium steel of 4 to 6% Cr with 
'o‘) Mo for the fabrication of 
baskets for the ammonia synthe- 
sis converter. These baskets op 
erate at 900 to 930° F. and have 
proved adequate, although one 
weld on this material cracked 
during service and the material 
nitrided on the surface quite 
severely. 

Rh. A. Byonum 
Project Engineer 
Spencer Chemical Co. 
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How CHROMIUM and TUNGSTEN Increase 
Strength of High-Temperature Alloys 


The aircraft field has served as an im 
portant “proving ground” for the high 
temperature alloys that have been 
developed for gas turbines required to 
operate at elevated temperatures. How 
ever, these alloys are now de monstrating 
their superior properties for other primary 
power applications, including gas tur 
bines to operate electrical generators for 
Stationary or motive power 

While there are literally dozens of 
different alloys available for high-tem 
perature use, most of them contain the 
alloying elements chromium and tung 
sten for the express purpose of enhanc 
ing resistance to scaling and increasing 
their hardness and strength at elevated 
temperatures. The amount used is gen 
erally determined by the stresses and 


temperatures expected in service. Other 
alloying metals may also be added for 
special purposes — such as columbium, 
manganese, silicon, and titanium. 


Chromium and Tungsten as 
Strength-Builders 


Even small amounts of chromium and 
tungsten are effective in increasing the 
strength of high-temperature alloys. An 
important consideration is, of course, the 
exposure time—particularly when operat 
ing temperatures go above 1200 degrees 
Fahrenheit. Although the major role of 
chromium is to prevent scaling, it has 
been found that chromium, as well as 
tungsten, also helps the alloys to main 
tain their strength when they are ex 
posed to high temperatures for long 
periods of time. 

In addition to chromium 
and tungsten, the combina 
tion of other alloying metals 





IN 1000 HOURS 


ence the strength of the al 
loys. Heat-treatment, too, 





S OF LB. PER SQ IN 


STRESS, THOUSAND 


STRESS TO PRODUCE ee | present will likewise influ 


will influence the properties 
of these materials. However, 
in obtaining the higher 
ranges of strength needed 
at extremely high tempera 
tures, chromium and tung 
sten are essential. 


Where High-Tempera- 
ture Alloys Are Used 
Special high-temperature 

alloys containing chromium 

and tungsten are being used 
for the construction of gas 
turbines that power railroad 











1200 1300 1400 
TEMPERATURE, DEG. F 


1500 = 1600 


Fig. 1—Here is the average 
range of strength of various 
high-temperature alloys com 
pared with other metals. 





ROTOR BLADES 


CYLINDER 
STATOR BLADES 


Fig. 2—Rotor and stator blades in this 
locomotive-type gas turbine are pre 
cision-cast of an alloy containing about 
24 per cent chromium and 6 per cent 
tungsten. The rotor body and cylinder 
housing are forged from an alloy con- 
taining about 19 per cent chromium 
and 1.2 per cent tungsten 


locomotives, ships, airplanes, and electric 
generating plants Some typical parts 
made of these alloys are rotors, turbine 
blades, nozzle vanes, ducts, and hous 
ings. These parts are exposed to tem 
peratures of from 1200 to 15 


Fahrenheit. 


degre cs 


If You Need Technical Help 


Those producing high-temperature 
alloys who wish technical help in the 
selection of alloying metals will find 
ELectTroMet’s metallurgists glad to co 
operate. In addition to chromium and 
tungsten alloys, ELecrromer also pro 
duces ferro-alloys of columbium, man 
ganese, silicon, and titanium for use in 
making high-temperature alloys. If you 
wish further information about the prop 
erties and uses of these alloys, write to 
the nearest ELecrromert office. 


Ask for our box klet 

Electromet Products 
and Service.” It de- 
scribes over 50 metal 
and alloys pr duced by 
E.ecrrnomer and tell 
of the unique technical 
offered to the 
metal industries 


service 


The term “Electromet” is a registered trace 
mark of Union Carbide and Carbon Corporation 
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Personal Mention 





John Frye 


Joun Frye &. colonel in the 
U.S. Army Ordnance Corps, has 
completed a tour of duty in Wash 
ington and reappointed 
manager of sales at Columbia Steel 
& Shafting Co. and its Summerill 
Tubing Co. division, Carnegie, Pa. 
Except for two absences when he 
was on Army duty, Col. 
associated with Columbia 
1928. He graduated 
Ohio State University in 1925 and 
after two years with Wheeling 
Steel Corp. as a metallurgist, en 
tered Columbia’s employ as assist- 
ant plant metallurgist. In 1931 
he went to the company’s Detroit 
ollice as 


has been 


Frye has 
been 


since from 


a special representative, 
returning in 1937 to become chief 
metallurgist. In 1940 he relin 
quished that position to become a 
Army After the 
Frye rejoined his old as 
sociates, becoming Columbia-Sum 
merill’s sales in 1946 
continuing in that) capacity 
until early 1950. At that time he 
returned to Washington, 
as deputy 


colonel in the 
war Col 


manager of 
and 


serving 
to the 
chief of ordnance, with headquar 
ters in the 


executive officer 


Pentagon. 


T. L. Joseph ©, assistant dean 
of the School of Mines and Metal 
lurgy at the Minne 
sota, elected to the 
board of directors of the Engineer- 
ing College Research Council of 
the American Society for Engi- 
neering Education. 


University of 


was recently 
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/ 
Lester A. Shea 
Lester A. SuHea &, on leave of 


absence as general 


of Lindberg 


sales manager 


Engineering Com- 
pany, Chicago, has been 
chief, industrial heating equip 
nent section, metalworking equip 
ment division, of the National 
Production Authority, Washing- 
D. C. He has 27 years of 
experience in the industrial heat 
treating melting field which 
he has brought to his new assign- 
industrial advisor to 
Mr. Shea received 
his formal education of en 
ing and 


selected 


ton, 
and 


ment as an 
the government. 
gineet 
business management at 
the School of Engineering and the 
Milwaukee branch of the 
sity of Wisconsin. He 


Univer 
held 


design 


has 
responsible positions in 
engineering, furnace field erection 
and district office management in 
the industrial heating field before 
he joined Lindberg 
in 1937, where he is 
executive staff and 


He serves directly 


Engineering 
how on the 
design com- 
as the 


Lind 
addition he is 


mittee. 
coordinator for various 
berg divisions. In 


engaged in all advertising, sales 
promotion, publicity and govern- 
ment requirements on pricing and 
He is a member of 
Foundrymen’s So- 
Club of 


Institute 


renegotiation, 
the American 
Sales 
Chicago, 


ciety, Executive 

American 
for Management. He 
vears on the 


and 
served five 
executive board of 
the Chicago Chapter @, two of 


them as its secretary-treasurer, 


Gorham W. Woods @ has joined 
Republic Hardfacing Corp., Bed- 
ford, Ohio, as engineer in charge 
of the newly created 
hardfacing division. 
advise on 


industrial 
He will also 
problems of heat and 
Mr. Woods was 
engineer at 


wear resistance. 
development 
Electric Co., 


past seven 


Lincoln 
Cleveland, for the 
years, and 
that was on the 


previous to 
engineering staff 
of Hughes Toot Co., Houston, Texas, 
for 21 vears. He is 
the hardfacing field 
number of patents on 
material 


a pioneer in 
and holds a 
welding 
and procedures. 

Gordon E. Dunlap © has been 
appointed chief, metallurgical 
branch, production division, New 
York operations office, U.S. Atomic 
Energy He has been 
New York stafl 
for the past year, and for six years 
prior to that was a development 
metallurgist at American Brake 
Shoe Co.. New York. During 
World War Il, at the Metals Dis- 
integrating Co., Elizabeth, N. J., he 
worked on projects for the Man- 
hattan Engineer District, and from 
1934 to 1943 he was with 
Steel & Wire Co. Mr. Dunlap re- 
B.S. and 
engineering degrees from Columbia 
University He is a 


Commission, 
a member of the 


American 


ceived his metallurgical 
member of 
Institute of Mining 
and Metallurgical Engineers and an 
associate 


the American 
member of the Bristish 
Iron and Steel Institute. 


Charles D. Townsend © has 
been appointed director of manu- 
facturing at LaPointe-Plascomold 


Corp., Rockville, Conn, 


Joseph F. Boyce © has trans 
ferred from the research 
tory of [ S. Steel 
N. J., to the research and develop- 
ment 


Co., Kearny, 


laboratory of 
Pittsburgh. 


Harold E. Trent ©, of Media, 
Pa., has left for Europe for a 
business and Mrs. 
rrent has and 
they will remain until 
1953. 


the same com 
pany in 


pleasure trip. 
accompanied him 
abroad 


August 


Helmut Thielsch ©. 
of the Welding Council, 
has been appointed to the position 
of director of applied welding en- 
uineering at Eutectic Welding 
Alloys Corp., Flushing, N. Y. He 
will member of the re- 
search team at Eutectic. 


formerly 


Research 


also be a 

















Transportation Utilizes 
REVERE 
ALUMINUIA 


Revere Aluminum extruded shapes have found wide 
applications in all types of carriers. This is due to 
their high strength, corrosion resistance, workability 
and lasting beauty. 

When you specify Revere Aluminum you are assured 
of fine, uniform quality. Revere quality control lays 
special stress upon the particular needs of each cus- 
tomer, based on your own specific uses of Revere 
products. 

Revere suppliesextruded shapes, coiled sheet, dre 
tube and forgings 1n @ Ww ide range of aluminum alloys. 

For technical assistance 1n the design or manufac- 
ture of your own aluminum products, you are invited 
to utilize Revere’s Technical Advisory Service. 


REVERE 
ALUMINUM 


REVERE COPPER AND BRASS INCORPORATED 


>a” Park Avenue New Y 


M 
y 


on” 


, cin Prim S04 ; 
SEE REVERE'S meet THE PRESS ON nec TELEVISION EVERY SUNDAY 
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Are you SURE 
youre using 
THE MOST 
EFFICIENT FINISH? 


if your production involves 
finishing zinc, cadmium, 
aluminum or cuprous metals, 
you owe it to yourself... 
and your customers... 

to investigate 


for on any of these metals Iridite gives you a high per- 
formance finish at a low cost from a simple chemical dip: 


IF YOU WANT HIGH CORROSION RESISTANCE, 
you'll find an Iridite that will meet any military or civilian 


specifications for chromate finishing. 


IF PAINT ADHERENCE IS IMPORTANT, 
you'll find Iridite prevents underfilm corrosion and soap 


formation. 


OR, FOR BRIGHT, DECORATIVE FINISHES- 


investigate zinc plate and Iridite (Bright) for a chrome-like 
decorative finish with more corrosion protection than con- 
ventional chrome plating . . . or Iridite (Metcote) as a treat- 
ment for copper that eliminates the need for buffing in the 


copper-chrome system; produces a sparkling bright finish! 


Aiiro Researcu Peron 


INCORPORATED 


4004-06 E MONUMENT STREET © BALTIMORE 5 MC 
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Personals 


Henry H. Hausner ©, metal- 
lurgical scientist of Sylvania Elec- 
tric Products Inc., Bayside, N. Y., 
returned from Europe recently 
where he attended three interna- 
tional conferences on powder 
metallurgy. He was an observer 
at the International Metallurgy 
Congress in Stockholm, served as 
chairman of the powder metallurgy 
session at the international sympo- 
sium on the reactivity of solids in 
Gothenberg, Sweden, and was one 
of the principal speakers at the 
Plansee seminar on metallurgy in 
Reutte, Tyrol, Austria. Dr. Hausner 
is a fellow of the New York Acad- 
emy of Science and is chairman 
and secretary of the powder met- 
allurgy group of the American In- 
stitute of Mining and Metallurgical 
Engineers. 


Edward L. Bartholomew, Jr., @ 
associate professor of mechanical 
engineering at the University of 
Connecticut where he is in charge 
of metallurgy and is supervising 
research on titanium for Army 
ordnance, was awarded a D.Sc. de- 
gree from Massachusetts Institute 
of Technology. Dr. Bartholomew 
conducted research and taught 
courses in mechanical metallurgy 
at M. I. T. from 1938 to 1950. 


Stanley Craig Orr @ has been 
appointed assistant factory man- 
ager of Pfaudler Co.’s Elyria 
(Ohio) division. A _ graduate of 
Alfred University with a B.S. de- 
gree in ceramic engineering, he 
began his career with the company 
in 1937 as assistant ceramist. He 
became chief ceramist in 1947, a 
position he held until his recent 
appointment. Mr. Orr is the author 
of many articles on ceramic test- 
ing procedures and the metallurgy 
of stainless steels. 


Robin O'Dare Williams © has 
been appointed to the staff of Oak 
Ridge National Laboratory, oper- 
ated by Carbide and Carbon Chem- 
icals Co., a division of Union 
Carbide and Carbon Corp. 


Joseph A. Rosa @, formerly 
with the alloy steel division of Re- 
public Steel Corp., has joined 
Burke Steel Co., Rochester, N. Y., 
as manager of forging sales. 


Edward 8S. Coe @, recently re- 
search engineer in manufacturing 
research at the Ford Motor Co. 
Rouge plant, is now manager of 
chemical engineering at the Ford 
Highland Park plant. 











PRODUCT— 


Steam generator drum 


MATERIAL— 
13/32" rolled steel 


EQUIPMENT — 
250 kv x-ray machine 


What's the right 
x-ray film? 





KODAK 
INDUSTRIAL X-RAY A TYPE OF FILM FOR EVERY PROBLEM 


combination of radiographic factors, Kodak pro 
duces four types of industrial x-ray film. These 
provide the means to check welds and castings 


efficiently and thus extend their use 
M' CH IS GAINED by welding a pressure vessel. In ' 
4 


this case dependability of the generator was in- epe A—tus high contrast and Gxe om 
creased, while weight was reduced 15% and costs quate speed for study of light alloys at low 
dropped 10% to 20%. But each weld must be proved Seed dian heavy arte at intermediate an 
sed direct or with lead-foil screens 
sound radiographically. 
Type M pr des maximum rad wraphic ser 
To make the radiographs, the radiographer used direct exposure or lead-foil screens. It has extra-fine grain 
a . " and, though speed is less than Ty t is adequate fo 
145 kv, and Kodak Industrial X-ray Film, Type A, pny se sea ha 


light alloys at average kilovoltages and for much million- 
with .005-inch front-and-back lead screens. and multi-million-volt work 





Type A has high contrast and fine graininess, and wee °—pe ae : ghest 2 _ ue apres 

ty . when exposed W 1caloum tungstate tensify 
sufficient speed to take full advantage of high kilo- Mas gille tettalis eith dilar sans « 
voltage machines in radiographing thick or dense ma- exposed directly or with lead screens 
terials. It also is first choice for the examination of Type K— has medium contrast with high spee 


ranma an y where highest mstble speed 
light alloys with short exposures at low voltage. af ginnmee wy camel wets pi coy . 
. is needed at available kilovoltage, without use of calcium 


tungstate screens 


Radiography ee @ another important function of photography 


RADIOGRAPHY IN MODERN INDUSTRY 


A wealth of invaluable data on radiographic principles, 
practice, and technics. Profusely illustrated with pho 





tographs, colorful drawings, diagrams, and charts 
Get a copy from your local x-ray dealer—price, $3. 


EASTMAN KODAK COMPANY Ko Gl | Ke 


TRADE -mMARK 
X-ray Division *« Rochester 4, N. Y. 





production SOLdering 


BETTER JOBS FASTER 


ymically 
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"New Mogul 
= Soldering Gun 


Big labor saving moving part. This new automatic 
Solder saving gun replaces the soldering bath, 
Increased production hand soldering, and in many cases, 
Pin-point location for cleaner seams ©XPensive fixtures. Quickly adapted 
Better work appearance to various size parts. 

Adjustable to the speed of work Deposits solder or brazing wire 
Lower maintenance cost to the exact spot for cleaner seams. 
This new MOGUL soldering gun is 
This new MOGUL unit is builttode- now in wide use, saving time and 
posit silver, lead and tin base solders money, increasing production, and 


in a liquid or semi-liquid form... turning out a better-looking prod- 
faster, cleaner ... to any constant uct. 


Write today for new MOGUL SOLDERING GUN bulletin. 


METALLIZING COMPANY 
OF AMERICA 


Dept. MP, 3520 West Carroll Avenue 
Chicago 24, Illinois 
ph SAc 2-3710 
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Personals 


Don T. Galvin @ has been ap- 
pointed a representative of Har- 
bor Mfg. Co., Oak Harbor, Ohio, 
in the Detroit area. 


Edward J. Roehl ©, manager 
of technical development for the 
Thomas Strip Division of Pitts- 
burgh Steel Co., Warren, Ohio, 
was awarded a silver medal by the 
American Electroplaters Society at 
the annual convention for his co- 
authorship of a paper on “Nickel 
Plating With Insoluble Anodes”, 
The work shows how distinct 
engineering advantages are gained 
by replacing conventional nickel 
anodes with insoluble anodes and 
replenishing the metal in an auxil- 
iary tank rather than in the plating 
bath. A patent has been granted 
covering this process. 


Elmer A. Terwell @ is now 
representing Standard Alloy Co., 
Inc., Cleveland, in Illinois and 
northern Indiana. 


John D. Seaver @ has been 
named assistant manager of engi- 
neering of General Electric Co.'s 
industrial heating department at 
Schenectady, N. Y. After receiv- 
ing his B.S. degree in physical 
metallurgy from Massachusetts 
Institute of Technology in 1935, 
Mr. Seaver became one of the ini- 
tial candidates in the G. E. chemi- 
cal and metallurgy program. Later 
he joined the staff of the meter 
and instrument laboratory where 
he worked in metallurgy until his 
appointment as engineer in 1947. 


George Sachs ©, formerly with 
Horizons, Inc., Cleveland, is now 
research professor and director of 
metallurgical research at Syracuse 
University. 


James F. Puhl @ has been 
named assistant sales promotion 
manager of Follansbee Steel Corp., 
Pittsburgh. He was formerly an 
account executive with Ketchum, 
MacLeod & Grove, Inc., Pittsburgh 


D G. Clark @ has been 
appointed assistant general sales 
manager of Firth Sterling, Inc., 
Pittsburgh. His association with 
the company began in 1903 and 
continued until 1946 when he re- 
tired from active management but 
remained as consultant on sales 
until 1950. He has been succeeded 
in the position of steel sales man- 
ager by E. William Kalb @, who 
was formerly assistant manager of 
the steel sales division. 








Personals 


Carmen L. Adovasio @, for the 
past 11 years metallurgical engi- 
neer at Ohio Brass Co., Mansfield, 
Ohio, has accepted a position with 
Cia. Industrial Del Norte, S. A., 
Mexico, where he will serve as 
production and technical advisor 
in the castings division. He was 
also elected a director of the Mex- 
ican firm. 


Leo P. Sinclair ©. formerly 
with the Navy Bureau of Ordnance, 
is now liaison engineer handling 
technical and contractual matters 
for the Daco Machine and Tool 
Co., Brooklyn, N.Y. 

Charles G. Gribble, Jr.. @ has 
been appointed manager of sales 
at Metal 


Texas, division. 


Houston, 
He has been with 
1946 and 
formerly was foundry superin- 
tendent at the U. S. Naval Repair 
Base, San Diego, Calif. 


Goods Corp., 


the corporation since 


Xarifa and Morris Bean 6 re- 
ceived honorary degrees of doctors 
Antioch (Ohio) 
College in recognition of their 
outstanding contributions in the 
scientific advancement of precision 
casting of metals. They were the 
first husband and wife team to be 
Antioch. Mr. and 
Mrs. Bean are members of the ex- 
ecutive board of Morris Bean and 
Co., precision-casting 
Yellow Springs, Ohio. 


of seience from 


so honored by 


foundry at 


Edward H. Platz, Jr., @, alloy 
sales manager of the Lebanon (Pa.) 
steel foundry, has been assigned to 
the nickel section, ferro-alloys 
branch, National Production Au- 
thority, in Washington. His tour 
of duty is expected to be six months, 
after which he will 
regular duties at 
Foundry. 


F. S. Blackall, Jr., @, president 
and treasurer of Taft-Peirce Co., 
Woonsocket, BR. L, has been nomi- 
1953 president of the 
Society of Mechanical 

Since only one name 


resume his 


Lebanon Steel 


nated as 
American 
Engineers. 
is presented for oflice, nomination 
is tantamount to election. Mr. 
Blackall, an alumnus of Yale and 
Massachusetts Institute of Tech- 
nology, was a member during 
World War IL of the War Produc- 
tion Board; the U. S. Navy War 
Manpower Survey Committee, First 
Naval District; and the Precision 
fools and Machine Tool! Industry 
Committees. He has been 
laft-Peirce since 1922. 


with 





Impregnate 


PRESSURE 


CASTINGS 


Economically 


a 


with the NEW 
200 Mogullizer 


The remarkable MOGULLIZER offers 
you a positive, low-cost method of 
impregnating pressure castings to 
meet the most rigid specifications. 
Pressure castings impregnated with 
this equipment have been success- 
fully subjected to severe tests with 
hot kerosene, hot oil, hot water and 
other solutions under pressure, with 
no evidence of porosity remaining. 


Meets All Contract Specifications 
If your contract calls for casting 
impregnation, it will pay you to get 


the facts today on this MOGULLIZER 
packaged plant which utilizes both 
pressure and vacuum stages in its 
operation. MOGUL Cast Seal B is 
an approved impregnating solution 
designed by us for use with the 
MOGULLIZER. Any impregnating 
materials can be used satisfactorily 
in these machines. 

Designed for High Production 
We manufacture other units to meet 
the needs of every application. We 
can also furnish special refrigerated 
units as well as polymerizing tank 
for use with the MOGULLIZER. Let 
us know what your production re- 
quirements call for. 


Write today ... for free MOGULLIZER 
literature and our recommendations 
for your casting salvage problems. 


NOTE: There are job shops in certain areas thot can take core of your contract work. 


A few territories are still open for job shop installation. Write for set-up plan today. 


METALLIZING COMPANY 


OF AMERICA 


Dept. MP, 3520 West Corroll Avenue 
Chicago 24, Illinois 
Telephone: SAcramento 2-3710 
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KEMP Immersion Heating 
Stops Unnecessary 





Breakdowns 





KEMP POTS won't ~~ 
crack or break... 
offer you big fuel savings 


OR continuous, trouble-free per- 

formance, switch from conven 
tional underfired heating or melting 
to Kemp Immersion Heating. Then 
like many other industrial users, you 
can use your Kemp Pot continuously 
in annealing, coating, tempering, de- 
sealing, et« without the threat of 
periodic shutdowns for breakage 
Kemp Pots also eliminate tempera 
ture override, open flame fire haz- 
ards and the need for many unsight- 
ly external pipes and ducts 


Efficiency With Economy 


With Kemp Immersion Heating, 
you are assured maximum melting 
or heating efficiency plus an 
estimated savings in fuel of up to 
10% and more. Thanks to Kemp 


EMP IMMERSION MELTING POTS 
f THE C. M. KEMP MFG. CO. 


OF BALTIMORE 


engineering, these savings are built 
into every unit. You get greater 
heating surface, faster heat re- 
covery, lower dross formation, even 
lower room temperatures. There's 
no brickwork to steal heat .. . no 
external combustion chamber 

no carbon monoxide. You're money 
ahead when you switch to Kemp 


Easy to Use, Easy to Maintain 
The Kemp Carburetor, part of 
each installation, delivers complete 
combustion . . . without waste 
without tinkering. One-pipe air and 
fuel feed reduces installation costs, 
simplifies maintenance. Kemp serv- 
ice also includes a staff of trained 
technicians who are instantly avail- 
able at all times. 


for technical information and facts on how we 


can help you cut your melting costs, write 


405 E. Oliver St., Baltimore 2, Md. 


ADSORPTIVE DRYERS - METAL MELTING UNITS - SINGEING EQUIPMENT - SPECIAL EQUIPMENT 
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Personals 


Verne Pulsifer &. chief metal 
lurgist for Olin Industries, Alton, 
Ill., and past chairman of the St 
Louis, Mo., chapter of the Ameri 
can Society for Metals, has been 
appointed a supervisor in the met 
als department of Armour Research 
Foundation of Illinois Institute of 
Technology. Frank A. Crossley 6, 
head of the department of foundry 
engineering at Tennessee A. & I 
University, Nashville, Tenn., has 
been appointed an associate met 
allurgist in the same department 


Weaver E. Falberg ©. assistant 
manager of the alloy steel division 
of Joseph T. Ryerson & Son, Ine 
Chicago, has been promoted = to 
manager of the division He will 
have the responsibility of coordi- 
nating alloy steel sales in all areas 
served by the firm's group of 15 
steel service plants 


G. Howard LeFevre & has been 
elected vice-president and man 
ager of metal sales, U. S. Smelting, 
tefining and Mining Co., Inc., New 
York. Mr. LeFevre is well known 
for his work in the American So 
ciety for Testing Materials 


Howard H. Casey ©. formerly 
director of aircraft forging sales 
with Camden (N. J.) Forge Co., 
has joined Midvale Co. as general 
sales manager for its Nicetown 
Philadelphia, plant 


C. H. Wyman ©, superintendent 
of melting, Burnside Steel Co 
Chicago, was elected vice-president 
of the Electric Metal Makers Guild 
for 1953. C. B. Williams &, super 
intendent of melting, Massillon 
(Ohio) Steel Casting Co., was re 


elected secretary -treasurer 


W. P. Woodside, Jr... @. Cleve 
land, and Robert N. Lynch @, 1x 
troit, were voted directors of Park 
Chemical Co., Detroit 


Henry S. Freynik @ has been 
elected vice-president of Riversick 
(N. J.) Metal Co. He has been with 
the company since 1923 and has 
been chief metallurgist for the 
past 12 vears. As a specialist in 
nonferrous metals, he was a con 
feree at the World Metallurgical 
Congress in Detroit last October 


Allen E. Richt &. formerly of 
the University of Cincinnati, has 
recently been appointed to the 
staff of the Oak Ridge National 
Laboratory, operated by Carbide 
and Carbon Chemicals Co., a divi 
sion of Union Carbide and Carbon 











CMU SMa Where they may... 


Chase” Free-Cutting Brass 
is readily cleared 


For heavy feeds and high cutting speeds you can't 
beat Chase Free-Cutting Brass rod and bar. Chips 
from these Chase copper alloy products are short and 
brittle and are readily cleared from the cutting 

tools even during rapid and intricate cutting 
operations. That means longer production runs 


and longer life for your tools 





Write today for a copy of our book 


“Free-Cutting Brass— Bronze — Copper’ 


Chase we BRASS & COPPER 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 

+ The Nation's Headquarters for Brass & Copper 

Albany t Cnermnat Houston t M nneapo' 5 Pittsburgh Seattle 
Cleveiand 


Atlanta ‘nd anapo:s Newark [rovdence 
baltimore Oatias Kansas City Mo New Orieans Rochester 
Boston Denver? (os Angeves Wew York St Lous 
Chicago Oetro:! M iwauker Phiiadeiph a San trane:see 


FREE Chose 56-Page Book gives valuable data 
on free-cutting wrought copper alloys, their se 
lection and use. 


eae a aac csr ceca ee ee 


Chase Brass & Copper Co., Dept. MP952 

Waterbury 20, Conn. 

Please send me free book "Chase Free-Cutting Bra 
Bronze Copper 

Name 

Position 

Firm 


Address 





City State 


ee eee ae eee 
a etieeiicentitendt 
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THE INSIDE STORY ON 
STAINLESS STEEL 


Shown below is a multiple-copy graphic record of a typical 
stainless steel chemical analysis made on an ARL Production 
Control Quantometer.* Accurate percentages of elements pres- 
ent in the alloy are recorded permanently in pen-and-ink in less 
than two minutes! And steel is only one of many metals and 
inorganic compounds which the unique ARL Quantometers are 
controlling daily as to routine chemical analysis in many types 
of industries. 





- rm 2 @o 80 
om 2 200 20 


90 200 20 220 230 240 250 


. @ multi-purpose, direct-reading instrument analyzing 
metals and other inorganic materials 


The ARL Quantometer is extremely efficient, versatile and ap- 
plicable to a wide variety of needs. Individual units are not 
limited to a single type of analysis, but can be designed to meet 
the requirements of many plant problems. As many as 25 ele- 
ments as selected by the user can be accurately measured on the 
Production Control Quantometer—up to 20 simultaneously! 


This instrument, pioneered and perfected by ARL engineers, is 
invaluable in helping to speed the production of critical mate- 
rials and improving laboratory controls. It is the most advanced 
type of spectrometer yet developed and deserves your most 
serious consideration. Write for descriptive brochure. 


THE ARL LINE ALSO INCLUDES 1.5 AND 2-METER SPECTROGRAPHS, PRECI- 
SION SOURCE UNITS, RAMAN SPECTROGRAPHS AND RELATED ACCESSORIES. 


Trademark*® 


Applied Research Laboratories 


sPpPQecreoOcwrEeEmicat vuitiepemen?t 
3717 PARK PLACE «+ GLENDALE &, CALIFORNIA 
NEW YORK © PITTSBURGH © DETROIT © CHICAGO © LOS ANGELES 
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Nature of Bainite* 


E XAMINATION Of bainitic structures 

4 in eutectoid steel by optical mi 
croscopy at 2500 diameters fails to 
resolve the fine details, and a series 
of samples of 0.87% C steel (con- 
taining 0.44% Mn, 0.39% Ni and 
0.21% Cr) were isothermally trans 
formed at various temperatures be- 
tween 500 and 950° F. and studied 
by the replica technique at 15,000 
diameters. 

When the steel is transformed at 
950° F., much of the structure con- 
sists of fine pearlite (relatively pat 
allel platelets of ferrite and carbide) 
and a little of the latter coexists 
with “upper bainite” in samples 
transformed at 850° F. A series of 
specimens held for increasing times 


at 850° F. shows that the upper bain- 


ite “feathers” are long, parallel car 
bide stringers in a ferrite matrix. 
These apparently grow from a sin- 
gle plate, and extend from the 
pointed end of a “needle” whose 
tip is ferrite with little or no car 
bide. Single or multiple plates of 
carbide are generally sheathed in 
ferrite. After reaching a_ certain 
length the bainitic areas appear to 
broaden more rapidly than they 
extend, and frequently assume a ra 
diating rather than a parallel orien 
tation. When such a mass is 
sectioned at an oblique angle, the 
structure may approach that of fine 
pearlite. The carbide is presum 
ably cementite, Fe,C. 

Upper bainite transformed at 
lower temperatures consists of pro 
gressively finer structures; the 
“feathers” also were found to have 
relatively smaller areas in the 
microsection. 

“Lower bainite” in this. steel 
appears during isothermal trans 
formation between 600 and 650° F 
and is the prevailing structure 
down to the My, point, the begin 
ning of martensite formation (some 
what less than 500° F. in this steel) 
It consists of ferrite “slabs” (ap 
pearing as needles in the plane of 
polish) within which are parallel 
platelets of carbide oriented at 
about 55° to the needle axis. The 
carbides show electron diffraction 
lines characteristic of cementite, 
Fe,€, if transformed at) tempera 
tures in the upper portion of the 
500 to 600" range; if transformed in 
the lower portion, nearer the My, 
point, some hexagonal ¢-iron car 
bide is present. ; 

E. E. 1 

* Abstract of “Progress Report of 
Subcommittee XI of American Society 
for Testing Materials’ Committee E-4 
on Metallography”, Preprint for 1952 


general meeting (see also A.S.T.M 
Bulletin, May 1952, p. 62) 














These Hard-Faced 


Coke Pusher Shoes Lasted 


Over Two Years 


Riding over the cohe-covered floor of an oven wears 
out plain steel pusher shoes in’ only two months. 
Hard-faced shoes have lasted at least two years, despite 
the severe abrasion. heat. thermal shock, and erosion 
involved in operation. With minor repairs. the hard-faced 


shoes can be used for another two or three vears. 


Hayes Srecorre No. | hard-facing rod was selected 
to protect these shoes because it is hard enough to resist 


abrasion from the coke particles and the lining of the 


HAYNES 


TRADE-MARK 46 


loot 





“Haynes” and “Haynes Stellite” are trade-marks of Ur 


»n Carbide and Carbon Corporatior 


STEEL SHOES 
WORE OUT IN 
TWO MONTHS 





oven floor. It does not chip or spall under the thermal 
shock of returning from 1800 deg. F. in the oven to 


atmospheric temperatures. 


There is a complete line of Hayes hard-facing mate- 
rials to choose from. Each is particularly suited to combat 
certain conditions of wear. heat. corrosion. or erosion. 
For a quick summary of the properties and forms of the 
various Hayses rods, write for “Hayses Hard-Facing 


Material Data.” 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 


UCC) 
General Offices and Works, Kokomo, Indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
les Angeles—New York —San Francisco—Tulse 


—_—- 
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Electrotinning Copper 
Wire in Alkaline Bath* 


FAST AND EFFICIENT process for 
: electrotinning copper wire, us- 
ing a potassium stannate bath, 
appears to offer a number of advan- 
tages over earlier methods. Speeds 
on the order of 600 ft. per min. on 


IN THE BRASS AND COPPER INDUSTRY 


18-gage (0.040-in. diameter) wire, 
with tin thickness of 20 millionths 
(0.000020-in.) appear practicable in 
a tank length of 20 ft., this requir- 
ing a current density of 558 amp. 
per sq.ft. at 100° current efficiency 
and operating temperature of 194 
to 203° F. 

Plating solution is of high con- 
centration 67 to 84 oz. per gal. 
Using the Sperry Reflectoscope for fast, depend- of potassium stannate, 2 to 3 oz. pet 
able, 100% inspection of large Everdur plates gal. of free potassium hydroxide, 
— a Gress Company assure cus- along with a foaming agent such as 
potassium oleate to reduce spray. 

= Anodes such as the high-speed type 

made by Metal and Thermit Corp. 

N 0 A f J c C T § are recommended, because they dis 
solve better than pure tin and do 

. ba not require as much overpotential 
Since Installing to film them. 

While alkaline stannate  solu- 
tions require rather high tempera- 
ture, they have many offsetting 
Sperry advantages, including: Simplicity 

ANI of composition, no organic addition 
agents, no critical features, ease of 
analytical control, high tolerance 

H) LT R A S 0 N | C for impurities, high throwing 

i power, detergent action, no corro- 

The versatile Meflectescape te here sion problems and a_ fine-grained 
weed y ee Com, T PE S T | N G deposit with good solderability. 

denser plates Most tinned copper wire must 

meet certain specifications, among 

which is the A.S.T.M. dip test in 

polysulphide solution. Assuming a 


Two years ago The American Brass 
Company adopted Sperry Ultrasonic 
Reflectoscope testing for their Everdur sound coating, a thickness of about 
plate. Since that time, not a single 15 millionths in. is sufficient to pass 
plate has been rejected by a customer. this test (two dips). Hot dipped 
Accurately and dependably locating wire may have coatings as thick as 
laminations and other internal defects 80 to 100 
not detectable by visual inspection, the 
Reflectoscope provides rapid, non- 
destructive testing that helps to maintain and also to insure that the thinnest 
an enviable reputation for uniform points will meet the test. In con 
high quality. trast, electroplated wire can be 
Penetrating up to 24 feet in solid metal, produced with a coating of 20 mil- 
the Reflectoscope is also used to inspect lionths and no excess tin required 
eng Rey = By pay By  - a wide variety of other forms and mate- for insurance against thin spots 
with consequent work spoilage. rials in the brass and copper industry. rhe advantages of saving this 
amount of tin are obvious, particu- 
larly in these days of critically 


millionths, because it is 
both difficult to wipe the wire con 
sistently to realize thinner coatings, 


Learn how you can reduce testing costs and improve quality control in 
your plant. Write today for complete information about the Sperry as in all ¢ : f rcial 
Reflectoscope . . . for sale, or for lease. Ask about Sperry’s day to day _ ypes of commercia 
Testing Service. tin plating solutions, the deposit 


short metal supplies. 


from the potassium stannate solu- 
SPERRY PRODUCTS, Inc. tion is a matte rather than bright 

509 SHELTER ROCK ROAD finish. If a bright finish is de- 

Danbury, Connecticut (Continued on p. 128) 
REPRESENTATIVES IN PRINCIPAL CITIES * Abstract of “Electrotinning Cop- 
per Wire: A New Process, Part I 
The Process”, by Frederick A. Lowen- 
heim, Wire, May 1952, p. 464 


Sperry 
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“Dag” Colloidal Graphite 1°."""9 
Resists Heat... Reduces Friction . 
in Hot Metalworking Operations 


4 In deep piercing, casting, forging, stretch-forming and 
ee wire drawing operations, “dag” colloidal graphite disper- 
sions assure a smooth product and reduce die wear .. . insure 
smooth surfaces and clean parting . . . minimize scaling and 
sticking . . . reduce tearing and rippling ... and assure uniform 
wire diameters. This unusual lubricant reduces friction and 
withstands temperatures much in excess of those common to 
metalworking operations. 
“Dag” colloidal graphite is electric furnace graphite that has 
been specially processed to subdivide it into particles of micro- 
scopic size. When “deg” colloidal graphite is applied to the 
friction surfaces of metal it leaves a lubricating film so thin that 
even the most sensitive gages cannot detect it. The film is many 
times more durable than an oil film. It provides the metal with a 
graphoid surface that has an extremely low coefficient of friction, 
that resists oxidation, and that will function at temperatures far 
above the burning point of oil. 
The uses of “deg” colloidal graphite for all metalworking 
operations are explained in a recent bulletin available with- 
out obligation. Write today for Bulletin No. 426-10 


Acheson Coos ComPANY 
PORT HURON, MICHIGAN 
.. . also ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 


Units of Acheson industries, ine. 








it Face Amalysis is important 


spectroscopy is essential 


yned especially r low concen 
tration work the new 3.4 Meter 
tigqmatic Grating Spectrograph 
here with the JAco Var 

e, the l-in-one excitation unit 
olution and dispersion are 

ful trace analyse 
and this outstanding instrument 


unsurpassed in both 


In any analysis problem, the tougher an element is to detect and 
measure, the more important the spectrograph becomes. Here are just 


a few examples of trace analyses that are made possible through 
spectroscopy : 


electronics elements in concentrations as low as 0.0001% 
are important in the germanium used in those electronic marvels, 
transitors . . . JAco Equipment, with its outstanding resolution 
and dispersion, does the analyses with ease. 


metallurgy — 0.0006%% boron makes the tougher steel now 
demanded by industry . . . an exacting analytical problem — but 
a JAco Spectrograph does it quickly and accurately. 


nutrition — 0.001 ppm of cobalt, boron, copper, iodine, iron, 
magnesium, manganese, molybdenum and zinc have lately been 
found of dietary importance . . . difficult analyses and only the 
spectrograph can do them! 

. and so the story goes . . . in medical research . . . atomic 
energy . . . dozens of manufacturing industries . . . JAco 
Spectrochemical Equipment is on the job wherever quicker, 
easier and more precise trace analyses are required. 

How much time and money can JAco Spectrochemical Equipment 
save for you in the detection and measurement of trace elements? 


Your JAco Technologist has the answer — write, wire or phone 
for his help today. 


JARRELL-ASH COMPANY 


165 NEWBURY ST., BOSTON 16, MASS 
BRANCH OFFICES: 


DETROIT | EL CERRITO, CAL. | CHATTANOOGA | QUEENS VILL, N.Y. 
13680 Capito! Avenve 1344 Devonshire Drive 1431 Brood St. 8056 - 230th Sr. 
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Electrotinning Copper 
Wire in Alkaline Bath 


(Continued from p. 126) 
manded, the wire can be passed 
through a die to reduce the diame- 
ter by one mil or less. “Heat flow- 
ing” is another brightening method. 

Cleaning before plating is sim- 
ple. The wire is passed through a 
5-ft. tank where it is cleaned by 
cathodic current in a solution of 
caustic soda and sodium cyanide. 
A short water rinse is interposed 
between cleaning and plating. Since 
the cleaning solution is inexpensive, 
there is no need to attempt drag- 
out recovery. 

Concentration of the plating so- 
lution makes its recovery from the 
first rinse tank advisable, this being 
accomplished readily by returning 
the rinse solution to the plating 
tank or recirculating it through a 
storage tank. Steam is the principal 
component of fumes from the plat- 
ing tank, plus minor quantities of 
caustic spray. They can be kept to 
a minimum by the use of covers 
over the solution and one or two 
strategically placed ventilating fans. 

A. H. ALLEN 


Degassed Metals* 


— ARANCE of this article is most 
timely because of the increas- 
ing interest in degassed metals. The 
alloys treated were monel (33% 
Cu, 67% Ni, 1.5% Si); nickel 
bronze (47% Cu, 35% Ni, 11% Sn, 
7° Pb); leaded bronze (84% Cu, 
8) Sn, 6% Pb, 2% Zn); and nickel- 
silver (52.5% Cu, 20% Ni, 1.5% Sn, 
6% Pb, 20% Zn). The nickel-bear- 
ing alloys were degassed with mag- 
nesium, but this treatment left gas 
in the metal which showed up as 
fine holes after machining. Also, a 
scum covered the surface of the 
molten metal after the addition. 
After the addition of lithium to the 
skimmed and deoxidized melt, the 
film produced by the magnesium 
was eliminated, as was the gas. The 
best average amount of lithium was 
found to be 0.005%. 

In the treatment of leaded 
bronze, 0.04% phosphorus was 
added as usual for deoxidizing pur- 
poses and this was followed by the 
lithium. The metal was completely 
free from gas. Test-bar molds of 
graphite were used for casting the 
metal and piping was produced to 
an extent never seen in the alloys 
not treated with lithium. 

*Abstract of “Degassing With 
Lithium”, Metal Industry, Vol. 890, 
March 7, 1952, p. 191. 
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No. 1330 AB Speed Press, 
complete for 1 mountings $420.00 


No. 1330-2 AB Speed Press, complete 
for 14%" mountings $440.00 


No. 1330-3 AB Speed Press, sal for 1%" 
mountings . $460.00 


THE BUEHLER LINE OF SPECIMEN PREPARATION EQUIPMENT INCLUDES .. . 
PRESSES @ POWER GRINDERS © DISC GRINDERS @ HAND GRINDERS 
AND ELECTRO POLISHERS @ POLISHING CLOTHS ¢@ 


Buckler Ltd. 


A PARTNERSHIP 
165 WEST WACKER DRIVE CHICAGO 1, ILLINOIS 


METALLURGICAL APPARATUS 
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CSrtanlined 


B 
SPEED PRESS 


The most advanced design in press 
equipment for speed, convenience, 
and economy in the production of 
Bakelite and Transporent Molded 
Specimen Mounts ever presented to 
the metallurgist. 


A revolutionary feature introduc- 
ed in this new press is preheoted 
Premolds. The preheat compartment 
reduces the curing time of thermo- 
setting molds to one-third of the 
time usually required. enables 
the operator to produce perfect 
Bakelite Mounts in 22 to 32 min- 
utes. All necessary indicators and 
controls including pressure gauge, 
pyrometer, thermostats, timer and 
pilot lights are provided. Neo ex- 
perience is required to produce 
perfect mounts. Autometic ram re- 
traction saves time and effort. 


The hinged press head is made 
with a semi-automatic lock and a 
hand wheel screw to close the mold 
securely. Heating blocks are ar- 
ranged with a magnetic closure te 
snugly envelop the mold assembly. 
The interchange of thermostatically 
controlled heating units of 600 watt 
capacity is facilitated by convenient 
supports. Cooling blocks are located 
in a practical position in front of 
the press cabinet. 


This new speed press is the result 
MC a ee et 
every effort devoted to designing 
the finest modern specimen press 
we are able to engineer. 


CUT-OFF MACHINES “ SPECIMEN MOUNT 


BELT SURFACERS 7 MECHANICAL 


POLISHING ABRASIVES. 






















ABRASIVE 
PRODUCTS 


BRAZING 
CASTINGS 


CLEANING & 
FINISHING 


FLUXES 


HEAT TREAT- 
ING SERVICES 


HEAT TREAT- 
ING SUPPLIES 


INSTRUMENTS 
LABORATORY 
EQUIPMENT 
LUBRICANTS 


METALS & 
ALLOYS 


PLATING 
SUPPLIES 


PRESSES 
SPRINGS 
TESTING 
TOOL STEEL 
WELDING 
WIRE 
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Abrasives, Castings, Cleaning and Finishing 





S 
MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-mede for your specific 
material removal problems 
Foundry Snagging—Billet 
Surfacing—Centerless Grinding 
Cutting and Surfacing concrete, 
granite, and marble 
“‘Moldiscs” for rotary sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grinding 
and Finishing 
Finishing Tools and Cutlery 
Cutting-off—W/et or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—stendard and reinforced wheels 
Grinding Carbide Tipped Tools 
e 


Write to Abrasive Wheel Department 


Raybestos-Manhattan, Inc. 


MANHATTAN RUBBER DIVISION 
$2 TOWNSEND ST. - 





Which is better 
for YOUR product? 


NON - GRAN NON -GRAN 


SAND CASTING CENTRIFUGAL 











© Request Booklet! 


a Bate 
wit a 


American 
Non-Gran 
Bronze Co., 





Berwyn, 
Pennsylvania 


. 
LIST NO. 3 ON INFO-COUPON PAGE 14 





PASSAIC N. J. 
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GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


MD 


THE HOOVER COMPANY 


Die Castings Division 
North Canton, Ohio 


LIST NO. 74 ON INF JPON PAGE 14 
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th Century 


800 Fost 67th Street Clevelend 8. Ohio 


Howell Works Howell Michigan 


LIST NO. 2 ON INFO-COUPON PAGE 





BARREL 
FINISHING | 


This amazing 22-page booklet 
is guaranteed to open your eyes! 
Gives latest, up-to-the-minute 
facts — figures — photos on ad- 
vanced barrel finishing. Shows 
how single unit installation re- 
places from 2 to 12 men—sav- 
ings up to 95° on almost all 
types of parts from large cast- 
ings to small intricate parts. 
Investigate today! Send for your 
FREE copy of Booklet No J-7 
today. 


Acony upersheen 


AMERICA'S LARGEST MANUFACTURER OF ADVANCED BARREL 
FINISHING EQUIPMENT MATERIALS AND COMPOUNDS 


ALBERT LEA, MINNESOTA 


LIST NO. 75 ON INFO-COUPON PAGE 





Whether your washing jobs are 


~ 


= 3 

WASHING MACHINES 
handle ’em all. . .! 
the cleaning and/or 

and maintaining high production 
present no problem to INDUSTRIAL machines 


The type of work 
treating 


This specialized equipment washes 
dries phosphatizes 
Bonderite and performs other desir 
single or combined preparing and fin 

operations. Address Dept. BB NOW 


INDUSTRIAL SYSTEMS COMPAN 


Exclusive Sales Agents 
Wow Mochine 


New Brunswick New Jersey 


LIST NO. 76 ON INFO-COUPON PA 








CIE 
VAPOR DEGREASERS 
and 


Metal Parts 
Cleaning Equipment 


PER-SOLV (Perchlorethylene) 
CIRCO-SOLV (Trichlorethylene) 


— Write for Bulletin 
TOPPER EQUIPMENT COMPANY 
MATAWAN, NEW JERSEY + 


- OFFICES IN PRINCIPAL CITIES 
MANUFACTURERS OF VAPOR DEGREASERS 
AND METAL PARTS CLEANING EQUIPMENT 


IST NO. 10 ON INFO-COUPON PAGE 140 LIST 


Cleaning and Finishing 


PLATING RACKS 


“Designed and Manufactured 


for Anodizing, Plating and all 
Specialized Finishes. 


NO. 14 ON INFO-COUPON PAGE 140 


tion SHELL 
MANUFACTURERS ! 


Your cleaning problems can be 
handled more economically and 
with less floor space—by using 


ROTARY SHELL WASHERS 


LIST NO. 15 ON INFO-COUPON PAGE 140 


—Any Number of Stages— 
—Any Heating Medium— 


—Continuous and Indexing Drives— 


peters- dalton Ac 


17932 RYAN ROAD DETROIT 12, MICHIGAN 


Solventol 


originators of DI-PHASE metal cleaning 


DESIGNERS & BUILDERS OF SPECIALIZED METAL CLEARING EQUIPMENT 


LIST NO. 13 ON INFO-COUPON PAGE 14¢ 


MATERIALS 

& BARRELS 

for SUPERIOR RESULTS 
Manufacturers of Deep Hardened and 
Tempered Carbon Steel Bearing Balls 


THE ABBOTT BALL CO. 
1049 New Britein Ave., Hertferd, Cena. 
LIST NO. 77 ON INFO-COUPON PAGE 140 
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Cleaning and Finishing 














oa oe dees 
metals, 

rhodium, becomes impor- 
tant as @ it for 
them, espec small 
articles and parts. ; 
Rhodium is hard and bril- 
liantly white and it cannot 
tarnish. No acid nor mix- 
ture of acids attack it. 
Our solution has excellent 
throwing power. 


Suggested objects for 
plating with rhodium are 
optical mounts, contacts 
for communication equip- 
ment, radar components, 
surgical instruments and 
pen and pencil sets. The 
practical plater’s own ex- 
perience will suggest 
many others to him, 
Commercial rhodium plat- 
ing was developed in our 
laboratories. Baker 

dium Plating Solution is 
the original and is made 
under the direction of the 
men who developed the 
process. 

@ Let us send you Direc- 
tions for Rhodium Plating. 


113 ASTOR STREET 
NEWARK S NEW JERSEY 


LIST NO. 7 ON INFO- JPON PAGE 14 
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DANIELS PLATING 


BARREL & SUPPLY CO. 


MANUFACTURERS and DISTRIBUTORS 
Electroplating and Polishing 
Equipment and Supplies 


129 Oliver Street * Newark 5, N. J. 








Tel. MArket 3-7450 
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DRAWING 
STAINLESS ? 


Use... 
Hangsterfer's 


LUBRICANTS 


for... Increased Production 
Less Scrap 
Longer Die Life 


Doing the most difficult jobs for the 
major metalworking plants throughout 
the United States and Europe. 


HANGSTERFER'S 


LABORATORIES, INC. 
21 Cooper Street -» Woodbury, N. J. 














Heat Treating Services 





L-R is equipped for quan- 
tity production work. Metal- 
lurgical and laboratory ser- 
vice available. 

Tool and Die Hardening .. . 

Precision Heat Treating . . . 

Salt high speed steel 

martempering . . . 

Cyaniding . . . Pack 

Hardening 

Annealing . . . Normalizing 

Brazing . . . Nitriding 

Also all non-ferrous 

Heat Treating 
Pick-up and delivery 
(5 Trucks) 


[neat TReatine co. 


QUALITY STEEL TREATING 


107-11 VESEY ST. NEWARK 5S, NV. J. 


NO. 78 ON INFO-COUPON PAGE 140 





Heat Treating Services 





JUST PUBLISHED... 


IX 
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7 
~—-citioom-so- LINDBERG STEEL TREATING Ce 
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first in the Three T’s 
of Scientific Steel Treating... 


\\ HETHER it’s the treating of your rough forgings, emperature 
castings and bar stock, or your finish-machined parts 
the 3 T’s of Scientific Steel Treating are at work for you 
From the unbiased, scientific recommendations of your o 
Lakeside metallurgists, through the perfected, fully c echnique 
mechanized, electronically-controlled processes, to in- 
strumented, precision testing— Science directs every 
step. No chance for guesswork, or human error. Only 
with the finest, modern facilities can you be assured 
of highest steel treating quality. 








Our Sewuicea— Electronic Induction Harden 
ing, Carbo-nitriding, Flame Hardening, Heat 


THE Treating, Bar Stock Treating and Straightening 
(mill lengths and sizes), Annealing, Stress Reliev- 
e ing, Normalizing, Pack, Gas or Liquid Carburizing, 
Nitriding, Speed Nitriding, Aerocasing, Chapman- 
reroce 


” izing, Cyaniding, Sand Blasting, Lab: to Re- 

@& $5418 LAKESIDE AVE, CLEVELAND 14, OHIO HENDERSON ee ee ee 
search, Tensile and Bend Tests 

LIST NO. 43 ON INFO.COUPON PAGE 140 











erent  Contlete Heat Jreating Pactlities... 


Large yection Furnaces 


pin Tyee Oe Parma FORGINGS, CASTINGS, TOOLS, PARTS 


producti 


Carbonitriding 
j Atmos 
\ Neutral B 


phere Special Jobs or Production Runs 
aths 

citi Complete Heat Treating 

Carburizing Counsel Without Obligation 


Inductio"® Heating 
Normaliziné 
Annealing 


Grit Blastine Send for Free Booklet of 
Shot Blasting 


( -ontrolles 
am 


Complete Facilities 


LIST NO. 36 ON INFO-COUPON PAGE 140 
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Heat Treating Services and Supplies 





S: Li bby, 
DETROIT'S BETTER 
HEAT TREATER 





STANDARD STEEL TREATING CO. 


3467 LOVETT AVE DETROIT 10, MICH 


Phone TAshmoo 5-0600 


LIST NO. 40 ON INFO-COUPON PAGE 149 





OF METALS 


Flame Stress Relieving 
Hardening 
Induction 
Hardening 
Chapmanizing 
Nitriding 
Cyaniding 
Cadmium, 

Tin or Copper 
Plating 
Anodizing or 
Alrocking of 
Aluminum 


Normalizing 
Gas, Pack 

or Liquid 
Carburizing 
Annealing 
Silver-Finish 
Hardening of 
Dies or Tools 
Roto-Blasting 
Silver or 
Copper Brazing 





PITTSBURGH COMMERCIAL 
HEAT TREATING CO 


490. St wee Presbirgh Pa 


LIST NO. 42 ON INFO-COUPON PAGE 140 








HAYS DIAFLOW METER 


New low differential flow meter meas- 
ures: 


1. air flow 
2. gas flow 
3. or air flow-gas flow ratio 


Diaflow measurement in open 
hearth, soaking pit, billet, slab 
heating and annealing furnace 
indicates excessive amounts of 
air and/or gas...helps to pre- 
vent fuel and gas waste... serves 
as a guide in maintaining prod- 
uct quality. 


Write for bulletin 52-1017-37 





BULLETIN ON 
HEAT TREATING FURNACES 


A complete summary of Hays 
products applicable to processes 
such as annealing, brazing and 
calorizing. Scope includes various 
methods of firing ‘(underfired, 
overfired, sidefired), fuel burned 
(gas, coal, oil), and type of fur- 
nace (continuous, rotary hearth, 
Slab heating, etc.) 

Hays complete line of draft 
gages, flow gages and meters (for 
high and low pressure gases and 
liquids), portable gas analyzers 
and automatic CO, recorders are 
covered 


Write for bulletin 51-750-51 


LIST NO. 30 ON INFO-COUPON PAGE 14 








VINCENT 
PROCESS 
For 


EVERY HEAT TREATING NEED 


300-TON DAILY CAPACITY 


eo 
MODERN 
FACILITIES 








COMPLETE SERVICE 

including — 

BRIGHT HARDENING OF STAIN- 

LESS STEELS... STEAM TREATING 

HIGH-SPEED CUTTING TOOLS 
HARDENING TEMPERING 
CLEANING 

Our Metallurgical Engineers can 

help with your metal treating 

problems 


“s] COMMERCIAL 
STEEL TREATING CORP. 


6100 Tireman Detroit 4, Mich 
TYler 6-6086 
IN INFO-COUPON PAGE 14 





CARBURIZING 


BASKETS 
BOXES - 


LIST NO. 12 ON INFO-COUPON PAGE 140 
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Every Type of Container or Holder for 
Handling Parts Through Heat Treating, 
Quenching, Pickling, Washing and 
Anodizing Operations 


Complete Design and Engineering Service 
Representatives in Principal Cities 


FIXTURES 


QUENCH TANKS 


CHICAGO 39, ILLINOIS 


RETORTS 











[~ Seruing the | 
HEAT TREATING INDUSTRY 
Since 1930 


@ Complete Service 
on Control Equipment 


@ Thermocouples 
@ Protection Tubes 
@ Charts and Lead Wire 


THE CLEVELAND ELECTRIC 


LABORATORIES COMPANY 








1988 
E. 66 St. 


ee — 
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Control Temperatures 
More Closely 


REDUCE COST - SAVE TIME 

This 

Catalog of 

Improved 

Pyrometer 

Supplies 

shows you 

how! 


Get your 
PREE Copy 
Today! 





* Ther 








ARKLAY S. RICHARDS << 


NEWTON HIGHLANDS 6 


LIST NO. 31 ON INFO-COUPON PAGE 140 


Heat Treating Equipment and Supplies 





farterti: 


for 
Every Heat Treating 
Process 
* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 


HEAT TREATING 
MATERIALS 
SINCE 1911 


PARK-KASE LIQUID CARBURIZERS 
QUENCHING ond TEMPERING OILS 
CYANIDE MIXTURES 
NEUTRAL SALT BATHS 
HIGH SPEED STEEL HARDENING SALTS 
TEMPERING ond ISO-THERMAL 
QUENCHING SALTS 
NO-CARB + NO-KASE - 
* NO-TRIDE 
CARBON PRODUCTS 
Charcoal + Crushed Coke 
Pitch Coke + Lead Pot Carbon 
WOODSIDE RAPID CARBURIZERS 
Non-Burning Type 
Charcoal Coke 
Specifications 


NO-SCALE 








< oO » 
Specially Engineered 
or 


Your Particular Needs 
e 


GAS « OIL ¢ ELECTRIC 








INDUSTRIAL 
HEATING EQUIPMENT 


LIST NO 19 ON INFO-COUPON PAGE 140 








PARK CHEMICAL COMPANY 


A ee 


N INFO-COUPON PAGE 140 











EXPLOSION COMBINATION 
GAS and OIL 
BURNER 


Our burners afford low fuel consump- 
tion, substantially complete combustion 
(114A COz Orsat), instant lighting with- 
ovt preheating. Never need cleaning 
Absolute metering of fuel by single con- 
trol. Rapid recovery of temperature head. 


a" | ah Write for Free Bulletin 
qa” 


- 4~ Ra-DIANT HEAT 
REFRACTORY SALES Co. 
1 412 pe 


| \ Canton, Ohio 





llth Stree 


LIST NO. 80 ON INFO-COUPON PAGE 140 





DESIGN Nh, 


LIST NO. 25 ON INFO-COUPON PAGE 140 
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Pe North American 


Manufacturing Company 
GAS O8 Oil COMBUST IN EQUIPMENT 
CLEVELAND 5 OHIO 
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Heat Treating Supplies Instruments 


2377 || DEMPseEY i 
the QUENZINE STORY || FURNACES 


Low priced, 


steels can often replace alloy steels when GAS, OIL AND ELECTRIC BEAD U-TYPE + WeU TYPE + DUAL TUBE 


quenched in Beacon 
Quenching Oils with BATCH = CONTINUOUS | 
QUENZINE added 
QuENZINE For information on FLOW METERS 
this new additive and © 
STORY other Beacon Brand DRAFT GAUGES 
no a ATMOSPHERIC - RECIRCULATING. all r 
RATING sd . ae s 1 | rid or measuring pressure, 
one a PUSHER ROTARY HEARTH vacuum and differential pres- 
‘ CONVEYOR — RADIANT TUBE - POT sure of liquids and gases. 
CAR-BOTTOM- ALUMINUM REVERBS. ii Also a complete line of 
“Tailored by Dempsey” accessories 
ASK FOR CATALOG C-12 


ALDRIDGE me) ') Hii] THE MERIAM INSTRUMENT CO. 
3 Feet | 10932 MADISON AVE. 

INDUSTRIAL OILS, Inc. Aiki CLEVELAND 2, OHIO 

DEMPSEY INDUSTRIAL FURNACE CORP. \ é U-TYPE MANOMETER 


a es 


5T KO. 29 ON INFO-COUPON PAGE 140 LIST NO. 79 ON INFO-COUPON PAGE 140 LIST NO. 48 ON INFO-COUPON PAGE 


F 4 D FU ~ NACES = Fast and Efficient \ 
on-Case 

















3401 W. 140th 8t., Cleveland 11, Obie 























Engineered and Built to Your HARDNESS TESTING 


Specific requirements. 

Anti-Carburizing Paint e 

Special and standard furnaces 
Applied to any part of a for annealing, normalizing, 
steel surface prior to car- hardening, drawing, forging, 
burizing, Non-Caseprotects heat treating. Weel 
that specific portion from * bs 
carburization and harden- Free Descriptive Bulletin on the Salacousae 
ing. Easy to use, Non-Case Request. ON ALUMINUM, COPPER, BRASS, BRONZE, PLASTICS 


gt ile bl e i : Works on the principle of forcing a hardened 
iS avaliable in ga on Cans. spring-loaded steel point into the surface, the 


Write for Descriptive Literature FLINN & DREFFEIN oral notre sive dependable mea 
of hardness. Can de used in any position imple 
t ~R diy built. Th ds ii 
ae es ee ENGINEERING CO. "che tor Satetn 360828 
e oct a ow % 


BARBER-COLMAN foros Amor | 














3091 Mayfield Rd., Cleveland 18, O. icago 3, Eline ns 1225 ROCK STREET - ROCKFORD, ILLINOIS 
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*K BUFFALO LONGMEADOW, MASS. 
E. A. Mansfield B. G. Constantine 
Ellicott Square Control Engineering Co. 

51 Converse St. 
CINCINNATI 
Pearson Browne MILWAUKEE 
Ist Nat'l Bank Bldg. Ed. P. Lindergren 

3748 W. Greenfield Ave. 
CLEVELAND 
Alloy Sales & Service NEW YORK CITY 
=. Plant, Jr. R. B. Steele 

S Lake Ave., Rm. 303 254 W. 3ist St. 

DETROIT PHILADELPHIA 
Gehringer & Forsyth Towle & Son 
16151 James Couzens Hwy. 18 W. Chelton Ave. Bidg. 


gig tel Me ag ag ° 
Eli SSenNieena. STANDARD ALLOY CO., INC. 
1679 COLLAMER ROAD + CLEVELAND 10. OHIO 
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ys) Go @) D) at <4 
for all kinds of 


WN=\@) 7-4 1@) 04 
BONN ENG a 


for 


- Annealing 


her 
AtmosP Sintering 


Brazing & 
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Com encveny TO 
Harden _-jom Y 
Heat Treating 
melting by Co 
Melting in C \ 
metallurgice eriments 
ollurgyY 
ork 


rbon Arc 


rucibles 


Powder Met 
Research th 
galt & Leod BON apering 


ThermocOYPe  sardization 


~ 90! 
atalog 52t 


Ask or C 
RR 


You tell Boder what you need. 


Boper SCIENTIFIC Co 


719-723 Liberty Ave. 
PITTSBURGH 22, PA. 
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Laboratory Testing and Inspection 








Headquarters for 


NON-DESTRUCTIVE TESTING 
and 
MEASURING INSTRUMENTS 


. . * 


ULTRASONIC & MAGNETIC 
INSPECTION EQUIPMENT 


Crack & Defect Locators 
Metal Sorters' 
Ultrasonic Thickness Gages 


ELECTRONIC MICROMETERS 


For production measurement of precision 
components to within 0.000020 ia. 


J. W. DICE CO. 


ENGLEWOOD, N. J. 
SEND FOR BULLETIN 21 
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If you want to perform 
Tensile or Brinell testing operations 
quickly and simply — contact 


Detroit Testing Machine Company 
9390 Grinnell Ave. + Detroit 13, Mich. 
LIST NO. 54 ON INFO-COUPON PAGE 14 


Solue 


INSPECTION 
DEMAGNETIZING 
SORTING 
PROBLEMS «acrZ 


MAGNETIC ANALYSIS 
EQUIPMENT 


Electronic Equipment for non-destructive 
production inspection of steel bars and tub- 
ing for mechanicol faults, variations in 
| composition and physical properties. Aver- 
age inspection speed 120 ft. per minute 
This Equipment is now employed by more 
than 40 Steel Mills and many Steel Fabrico- 
tors 


| 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for efficient production 
demagnetizing of steel bars and tubing 
When used with Magnetic Analysis Equip- 
ment inspection and d. gnetizing can be 
done in a single operation. 


MAGNETIC ANALYSIS 
COMPARATORS 


Electronic Instruments for production sort- 
ing of ferrous and non-ferrous materials 
and parts for variations in composition and 
physical properties 





ALSO MAGNETISM DETECTORS 


Inexpensive pocket meters for indicating 
magnetism in ferrous materials and parts 


s ” 
For inf seo wae THE TEST TELLS 


MAGNETIC ANALYSIS CORP. 








42-44 Twelfth St. Long Island City 1, N. Y. 
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ST) SAM TOUR & CO., INC. if 


&CO 
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‘} AMERICAN STANDARDS 
TESTING BUREAU, INC. 
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- * , - 
KENTRON 
4a + 
micRO 
HARONESS TESTER 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Corre LABoRnatories 


PEEKSKILL NEW YORK 
COUPON PAGE 140 
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Instruments, Metals, Metal Forms 





Solve FLAW 


Tasingte). 
PROBLEMS «<té 


FOERSTER PROBOTESTER 





Electronic equipment for non-destructive 
inspection of irregularly shaped iron and 
steel parts for certain flaws 





FOERSTER PROBOSCOPE 





Electronic equipment for non-destructive, 
production inspection of regularly shaped 
iron and steel parts for certain flaws. 

For information write 
MAGNETIC ANALYSIS CORP. 


42-44 Twelfth St. Long Island City 1, N. Y. 
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USE OUR 


HOEGANAES 
SPONGE IRON POWDER 


and other 


Metallurgical Purposes 
EKSTRAND & THOLAND, Inc. 


441 Lexington Avenue 
.New York 17, N. Y. 














NOW AVAILABLE 
FROM STOCK 


e High Speed: 
T-1 to T-15, M-1 to M-56 


e High Carbon—High Chrome 
e Oil Hardening 
e Air Hardening 
e Water Hardening 
e Hot and Cold Work-Die Steel 
@ Fast Finishing Steels 


COMPLETE WAREHOUSE 
FACILITIES 


STOCK LIST MAILED 
ON REQUEST 


RELIABLE 
STEEL CO. 








ULTRASONICS 


for rapid, accurate, non-destructive 
THICKNESS MEASUREMENTS 

and FLAW DETECTION from one side 

AUDIGAGE: 


AUDIGAGE: 


SORANSON. 
+ NSTRUMENTS 


Thickness Testers 
Ranges 0.020” to 4” 

and 0.020” to 12” 
Ultrasonic Micrometer 
Direct-Reading 
Special Ranges as required 
Accuracy as high as + 0.25% 


Literature 


a ae ee) 


439 FAIRFIELD AVE-STAMFORD~- CONN 
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on Request 
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“SILVERCOTE'’® 


BERYLLIUM 


rn 
COPPER 


COPPERWELD + SILVER PLATED WIRES 
OTHER NON-FERROUS 


rounn WIRE riar 


for 

* SPRINGS 

* FORMS 

* ELECTRONICS 

* SPECIAL PURPOSES 


LITTLE FALLS ALLOYS 


INCORPORATED 
189 Caldwell Ave. + Paterson 1, N. J. 
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Stainless Steel in strip, sheet, bors, tubing and 
accessories 

Cold Finished Steels in al! standard shopes 
and carbon analyses 

Spring Steels in Blue Tempered and Polished 
Coils, Cold Rolled Annealed Coils and Straight 
Lengths in 1070 and 1095 Carbon grades and Hot 
Rolled SAE 1095 and 9255 Bors. Wires include 
Polished Music Spring Wire, Black Oil Tempered 
Spring Wire 

Cold Rolled Sheets — Cold Rolled Strip in 
coils and straight lengths 
sheared and round edge 
Planet Drill Rods Rounds sizes from 013 to 
2 in. - flats and squares 


ali tempers, slit 


Aluminum Sheets in coils and straight lengths 
in all alloys.-Aluminum Bars and Rods. 
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Metals, Metal Forms, Metal Forming 





Corrugating and any 
straight-line production 
bending can be done to 
Ranting asquveay Steelweld Presses for 
bending, forming. blank- 
ing. drawing and multi- 
ple-punching opera- 
tions. Complete line for 
all size metal to 114” x Steelwelds have heavy duty one-piece 
en holes can be 20-0". Write for free welded frames that stay rigid for life 
punched singly. Smaller copy of catalog No. Machinery is top quality throughout and 
holes can be punched 25 t t 
Conical sections ate quick- oo 100 at ote 2010. easy to maintain. 
ly formed with standard 


bending dies by use of the THE CLEVELAND CRANE & ENGINEERING CO. 
ram-tapering mechanism 


5941 East 261s? Street . Wickliffe, Ohie 
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WHITELIGHT a is emilee a 


MAGNESIUM gy ALUMINUM 


we | te ey EXTRU S 10 \N ™ 
Hollow Extrusions © Piate © Strip made ts 
Siaks arataes end cameos SPECTELGATIONS 7 


COMPRESSION « TORSION « 
FLAT+ EXTENSION*+ AND 
SPECIAL TYPE SPRINGS 


WHITE METAL ROLLING 


METAL STAMPINGS AND 
& STAMPING CORP. WIRE FORMS 
82 Moultrie St., Brooklyn 22, N. Y. 


Sales Office JOHN EVANS’ SONS, Inc. 
376 Lafayette St., New York 3, N. Y. 
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IF it’s intricate or simple...large or small production 
any metal you name - Investigate the C. A Dahlin 
facilities for dependable service and quality workmanship 


Write today for the C. A. Dahlin Special Bulletin. 


A. DAHLIN COMPANY 


2729 CLYBOURN AVENUE . CHICAGO 14, ILLINOIS 
Phone LAkeview 5-9116 
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Welding, Brazing, Fluxing 





U SILVER BRAZING 
PRODUCTION 


with 
Stress-Relieved 
“No-Tangle” Notch-Coil 
Silver Brazing Rings 
and Coined Washers 


Made from Si/fos and Easy-Flo 
in any diameter. 





Write NOW for samples 


LUCAS-MILHAUPT 
ENGINEERING COMPANY 


5061 S Loke rive © Cudahy. W sur 








Use Atlantic Fluxes 
ALUCO... 


For degasifying ond purifying alu- 
minum alloys. Assures uniformly sound, 
dense grained castings. Used in rever- 
beratory and crucible type furnaces. 
ALUCO'S’... 
Specially compounded for die cast- 
ing aluminum-base metal and per- 
manent mold castings. 
MAGNESAL... 
Used for removing magnesium from 
aluminum alloys 
ALUCO ‘GR’ & ‘DG’... 
For grain refining and degasifying 
aluminum and its alloys. 


Atlantic Chemicals & Metals Co. 


1921-27 NORTH KENMORE AVENUE 
CHICAGO 14, ILLINOIS, U.S.A. 




















USE HANGSTERFER’S 


CUTTING 
COMPOUNDS 


for 
Broaching 
Milling 
Tapping 
STAINLESS STEELS 
and 
TITANIUM 


Smoother finish 
Greater tool life 
Increased production 


HANGSTERFER’S 
LABORATORIES, INC. 


21 Cooper St. + Woodbury, N. J. 
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PROTECT METALS AGAINST 


( ease 

) CORROSION 
SCRATCHES 

| ceaanion 


Extensive laboratory facilities are at your 
service for any rust, waterproofing, or 
corresion-resistant problem. 


Seed: Ft wa 





ae 
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READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 
Please send further information, as checked at the right, on the advertisements in the 


Bulletin Beard with numbers | have listed below— 


letin’Board Item Number 


Your Name 


___ @lease check) 


Send Catalog Send Nearest 
or Engineer- Price Source of 
ing Data Info Supply 
0 = a 


ANT 


ARC WELDING ELECTRODES 
ALL ANALYSES—COATED, STRAIGHTENED AND CUT, OR COILED FOR 
AUTOMATIC WELDING 


MANUFACTURERS AND PROCESSORS OF STAINLESS AND HEAT RESIST 
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BREATH 


Low pressure breathiig oxygen elinders \ 
must be perfect.. . there are. 
re-fills at 40,000 feet. 


Many things can happen at 40,000-plus. But today’s 
precision-trained sound-busters can usually handle 
them all. But let their vital oxygen supply go wrong and 
in a matter of seconds there is nothing that can be done. 


To meet rigid service specifications, D. K. Manufac- 
turing used Thor-Tung electrodes and Heliwelding. 
Using both the manual, water-cooled Heliweld holder 
for welding spuds into position, and the Heliweld 
Automatic Head for production line runs while welding 
cylinder halves, D. K. turns out breathing oxygen cyl- 
inders which test a leak-free 700 psi— hundreds of 
pounds above working pressure requirements. 


Inert gas-shielded Heliwelding eliminates the need 
for flux ... prevents slag formation—permitting ‘clear 
view’ operation. Its gas-shielded electrode provides a 
highly concentrated arc ... permitting exceptional 
welding speeds with a minimum of distortion. 


Production-running these oxygen lifesavers is just 
one of the countless jobs Heliwelding can do in your 
plant or shop. Find out how it can be used for you. 
Write ... or phone your nearest Airco Office. Ask for 
your copy of ADC-709: “Heliwelding—Catalog 9”. 
Manufactured by the D. K. Manufacturing Company, Chicago, Illinois, breathing 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND = ~ oxygen cylinders like those above must be the products of perfect welding. To 


insure perfection on a production-run basis D. K. uses Heliwelding for their 
construction 


Completed Breathing oxygen cylinders 
Companion-piece of the Heliweld Automatic Head, this jig-mounted manval, 
woter-cooled Heliweld Holder fastens outlet spuds at the rate of nearly two 
hundred a day to begin the production run of oxygen breathing cylinders for 
D. K. Manufacturing Co. 


Airir REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY + AIR REDUCTION PACIFIC COMPANY 


REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 


DIVISIONS OF AIR REDUCTION COMPANY, INCORPORATED 
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(ERACAN CHEMICAL Pains; Copan Aluminum Alloys 
AMBLER PENNA. of High Modulus* 


Technical Service Data Sheet ge |B re of sireh ciretines wor 
Subject: PROTECTING ALUMINUM WITH FNLODUNUE: | ,s.t¢ ss oon 


and 
Young’s modulus (or modulus of 


elasticity) is one of the main factors 





“ALODINE” No. 100 


lodine” No. 100 forms an amorphous 


= governing this property. In the pa- 
per “The Young's Modulus of Some 
MULTI-STAGE POWER WASHER FOR Aluminum Alloys”, by N. Dudzinski, 
phosphate surface on aluminum which is SPRAY ALODIZING J. R. Murray, B. W. Mott, and R. 
thin, tough, durable, non-metallic, con- Chalmers (Journal, Institute of Met- 
tinuous with and a part of the basis als, Vol. 74, 1948), it was disclosed 
metal. The “Alodine” film anchors paint, that silicon, manganese, nickel, co- 
prolongs paint life, and protects alumi- : balt or beryllium additions to alumi- 
num exposed unpainted to the atmos- : num appreciably improve this mod- 
phere ulus of elasticity in tension. 
, ee . On the basis of that conclusion, 
With the “Alodine” No. 100 bath at y vinaie wee cndennd te ths Havel 
F., coat- d Aircraft Establishment to demon- 
strate the feasibility of applying 
such alloys of high modulus in actual 
practice. Some doubt existed as to 
whether the high concentration of 
intermetallic compounds in these 
PROCESS SEQUENCE alloys, which appears to be the cause 
“ALODIN ”" No. 600 1. Clean 2. Rinse 3. “Alodine of the higher modulus, would not 


4. Rinse 5. Final Rinse 


its normal temperature of 120 
ing time by immersion approximates 
114) minutes—and by spraying, 15 to 
20 seconds. Coating times and bath 
temperatures can be varied to suit oper- IMMERSION TANKS FOR DIP 
ating conditions ALODIZING 


interfere too much with the casting, 


Equipment can be of mild steel hot-working, and ordinary tensile 
. » _ ile throughout, except the “Alodine on 
resistant coatings that provide excellent prises ge caus Ge ak aamen properties. The present paper gives 
protection for unpainted aluminum and sistant material the results of a metallurgical exam- 


ination of the sheets, including hard- 
ness, tensile, compression, bend and 
of “Alodine” No. 100 on aluminum “Alodine” No. 600 is applied at room Erichsen tests. 


“Alodine” No. 600 forms corrosion- NOTE 








also make an effective paint-base. This 





grade is recommended for use in place 


parts that are to remain unpainted or temperature (70° to 120° F.). Recom- Most of the tests were made on 
to be only partly painted; and on all mended coating times are 3 to 5 minutes an alloy containing 10.4‘ silicon, 
aluminum castings and forgings whether for an immersion process and 1 to 144 3.72% copper, 2.06 nickel, 0.53% 
or not these are given a paint finish minutes for a spray process. manganese, 0.30 iron, 0.27 

inagnesium, 0.134 cobalt, 0.06% 
titanium, and = 0.002° beryllium. 
A few tests are also reported on two 
other alloys, differing from the pre- 


ComPOsITION Amorphous phosphere. Amorphous minture of mote! onides ond chrom ceding to the extent that one con- 
a 


onan Dovonding ion eller wooed, colar venge ie | Benentng ong orstngs cle seg : tained 3.02% copper, 1.11 man- 
wey ganese, and no nickel, and the othe 
THICKNESS ody SS Tae . = alcmae td 2.0¢ copper, 1.04% manganese, 
WEIGHT $388 man boas om Optimum: 100 3 ; and 1.90° nickel. 
\neolvble Sheet production was successful, 
SOLUBILITY - using the same care as required for 
Seite ta conceamunnd elite ook belie & the very high-strength aluminum 
ELECTRICAL grdohsaaedcamees Wiss onoman 40 aleenennil auaibenion, alloys. The two alloys with over 
pascal So chteldnd-ore welded = 3° Cu hardened from about 95 
STABILITY a ee ee ee eee ee Vickers to about 135 on aging 40 hr. 
totiuntaimesics at room temperature after water 

= quenching from 510° C.; the alloy 
with 2 Cu hardened less. The 
‘ h Sp ons latter was also considerably weaker 

Bono inc al chee Warman pawns Bay A “no nll ahaa than the former two alloys when 
TOXICITY -~ eres tested in tension after heat treat- 





Integro! with and os flexible the cleniave Integral wt 
FLEX ? . es nw egre 
LEXIGILITY reel. Com withstond modero wraelt 
ABRASION Appros:motely 90% of ther provided by clvemic 
RESISTANCE 

CORROSION ‘ oF te chromic acid anodizing ants of MIL-C-5541 ond even 
RESISTANCE re) lenedic tilms) 


, a, 
Bime TALLIC ence egoinet bimeteltie Shows goed ‘ " \ (Continued on p. 144) 
CORROSION . Qeivense corrosion. 

RESISTANCE 











*Abstract of “Development of 
Aluminum Alloys Having a High 
Young’s Modulus”, by G. Meikle, J 

” oe Thompson and M. E. Whillans, Tech 
WRITE FOR FURTHER INFORMATION ON “ALODINE” AND nical Note No. Met.-149, August 1951, 
ON YOUR OWN ALUMINUM PROTECTION PROBLEMS. Royal Aircraft Establishment, Fart 


borough, Hants, England. 
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Rex High Speed Steels 
Peerless Hot Work Steels 
Halcomb 218 

Chro-Mow * 

Sanderson Carbon Tool Steels 
Ketos © 

AirKool Die Steel 

Airdi® 150 

Nu-Die V Die Casting Steel 
CSM 2 Mold Steel 

La Belle® Silicon +2 
Atha Pneu 


[CRUCIBLE 


52 yaats of | Face] steelmaking 


CRUCIBLE STEEL COMPANY OF AMERICA - 





SPECIFY 

YOUR TOOL STEELS 
BY 

THESE 

BRAND NAMES 


tool steel 
is our 
fair-haired boy! 


We are definitely partial toward our tool steel. Especially since 
users have verified our opinion of them by making us the country’s 
number one producer of fine tool steel. 

Naturally, we intend to maintain this position. Therefore, Crucible 
research and development is forging ahead, supplying industry’s 
need for new, improved tool steels . . . Crucible makes its long 
experience freely available to you through its metallurgical service 
-.. And Crucible provides you with prompt delivery of tool steel, 
from its completely stocked warehouses, conveniently near you. 

SEND TODAY for the unique Crucible Tool Steel Selector—a 
twist of the dial gives the tool steel for your application. 





Crucible Steel Company of America 
Dept. MP, Chrysler Building, New York 17, N. Y. 


Nome___ = 





Company 


9” diameter, 


Address 3-colors 














first name in special purpose steels 








TOOL STEELS 


TOOL STEEL SALES SYRACUSE, N. Y. 
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CC 


product 


0 Totally enclosed, dirt and 
dust-proof "“Zerominder" 
dial gauge 


2) Gripsel clamp screw for 


quick change and proper 
seating of penetrator 


All controls grouped con- 
veniently 


Enclosed, easy-to-reach 
variable speed dash pot 


Standardized 
weights 


J-Model 
“ROCKWELL” Hardness Tester 


5 Important“ ROCKWELL” Features 


You can be sure of the hardness of incoming 
metals and the various parts or products you ship to 
your customers if you use a WILSON “ROCK- 
WELL” Hardness Tester. Only in the WILSON 
will you find these five important features which 
assure accuracy and ease of operation. 

There are two types of WILSON “ROCKWELL” 
Hardness Testers... Regular and Superficial. They 
come in many styles with accessories for testing flats, 
rods, rounds, and odd shapes. For micro-indentation 
hardness testing, there is the WILSON TUKON. 

Write for information and let us make recom- 
mendations. *Trade Mark Registered 


WILSON 
“ROCKWELL” 
and TUKON 
Hardness 
Testers 


WILSON MECHANICAL INSTRUMENT DIVISION 
AMERICAN CHAIN & CABLE 


230.F Park Avenue, New York 17, N. Y. 


METAL PROGRESS; PAGE 144 





Aluminum Alloys 
of High Modulus 


h 


(Continued from p. 142) 
ment, its tensile strength being about 
58,000 psi., as compared with 66,000 
for the first two. 

All the other tests reported were 
made on sheets of only the first alloy 
(containing 3.72°% Cu, 2.06% Ni, and 
0.53% Mn). After solution heat 
treatment for 1 hr. at 510°C., 
quenching in cold water, and aging 
24 hr. at 155°C., the tensile and 
compression properties averaged 
about as follows: 

PROPERTY TENSILE Comi 
SI. Psi. 
0.1% proof 48,500 16,000 
Ultimate 63,500* 
Modulus 11,800,000 12,600,000 


*The elongation was 


There was very little difference 
between the 20 and 14-gage materials 
under tension. The transverse ten- 
sile properties were slightly lower 
than the longitudinal, but the com 
pression data show a reverse rela 
tion. Aging at room temperature 
gave lower strength, but 10° elon 
gation. After aging 24 hr. at 155° C., 
the properties were practically con- 
stant for at least 90 days at room 
temperature. The higher modulus in 
compression may have been due to 
test conditions. 

Bend and Erichsen tests of heat 
treated specimens indicated no con- 
sistent changes in ductility for the 
samples aged between one and ninety 
days. Other results reported are: 


AGING BEND ERICHSEN 
TEMPERATURE RADIUS Test, MM 
70° F. 3 t. 2.49 to 3,25 
155 ; $£5to5t. 1.72 to 2.05 
aa oF 15to5t. 1.75 to 2.06 

* Aged 24 hr. at 155” C., starting 
directly after the quencl 

+Aged 24 hr. 155° C., but a period 
of 7 days at 70 F. intervened betwee! 
quenching and the start of acceler 
ated aging. 


Microscopic examinations of pol- 
ished and etched sections revealed 
many fine and evenly dispersed par- 
ticles of CuAL, and NiAl., and a few 
larger particles of the Al-Ni-Cu com 
plex. This structure was considered 
to be satisfactory. 

Corrosion and fatigue tests were 
in progress when this report was 
written. It was planned to investi 
gate the effect of changes in compo 
sition including higher manganese, 
nickel, cobalt, or iron, and the addi- 
tion of vanadium and chromium re- 


spectively. — 
G. F. Comstock 











The Jessop 20-inch alloy-steel hand-mill pictured above is a very 
dependable piece of mechanism, and the men who attend it @re 
highly skilled and proud of their craft. On that mill, Jessop men foll 
what they consider to be the best steel of its kind obtainable amy 
where. It is used for a variety of purposes, from hack-saw blades to 
wood-working tools and metal-slitting saws to general industfial 
knives, and is known in the trade as high-speed sheet 





We are willing to admit that our 20-inch mill is not working as 
many shifts as those enthusiastic Jessop mill men would like it to 
tata work. Here’s what they would like you to do. If you have any idea 


your company might use this type of steel, contact Jessop. You will 





gain, because every member of the Jessop team, including the men on 
this mill, will strive to bring you better steel on a better delivery 
schedule than you have ever known before. Please write or call 


STEEL COMPANY - WASHINGTON, PENNSYLVANIA 





You ” afford 


High Vacuum 
Furnace 


* — 


This ONE 


Versatile Unit lets 


you melt, pour, 





_» heat treat, degas 


Ar last there is now available a single 
furnace that does away with the need 
to purchase equipment for each phase 
of your high-vacuum, high-temperature 
work. Because of its modest price, it 
will fall within the budget of most 
laboratories. 


With this new furnace you can melt 
and solidify — melt and pour — add to 
the melt — stir — look into the hot 
zone — measure hot zone temperatures 
— introduce controlled atmospheres 
— degas — heat treat. It’s a complete, 
versatile unit, capable of handling the 
widest variety of metallurgical research 
work. Write today. 
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FEATURES = 


@ Ultimate vacuum of less than 
5 x 10-5 mm. Hg. 


@ Heating element temperatures 
up to 2000° C. 


@ Temperature controllable 
within = 5° C. 


@ Hot zone reaches temperature 
within one minute. 


@ No refractories used in 
hot zone. 





IN 


HI 


TRIAL RESEARCH - 


SH VA 


PROCESS DEVELOPMENT — 


M ENGINEERING AND EQUIPMENT om®? 
— 








@ 4" purifying type diffusion 
pump insures high capacity 
for out-gassing. 


@ Utilizes single turn low voltage 


resistance element of tungsten. 


@ Integral power supply. 


@ Either manual or automatic 
temperature control or both. 


Pe 








Pal METALLURGY - © 


National Research Corporation 
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... and last, because Fink! Mo-Lyb-Die Processed die 

blocks are made of steels developed by Finkl over a 

period of 45 years of die block manufacturing; die steels 

to resist heat abrasion and shock; die steels that retain 

hardness ratings; die steels for special or regular ferrous 

o and non-ferrous applications; in fact, die steels for vir- 
mpressions tually any need that arises. And all of them will give 


you more forgings per impression and more impres- 


+ sions per die. 
t LA i Since 1879 Fink] has produced quality products. This 
overall experience may be useful to you when you are 


planning new dies. It is available to you by calling or 
writing any of the offices listed below. 


A. Finkl & Sons Co. 


2011 SOUTHPORT AVENUE* CHICAGO 14 


Eastern Worehouse: INDUSTRIAL STEEL, INC. 250 Bent St. Cambridge 41, Mass. 
Western Warehouse: FINKL STEEL PRODUCTS OF CALIF. 4908 Santa Monica Bivd., Los Angeles 27, Colif 


Detroit, Mich. © Cleveland, Ohio © St. Pauvi, Minn. © Houston, Texas © Birmingham 
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FILLING A CRITICAL NEED 


Stainless Type: 304 ELC 
Plate Size: 44,” x 96” x 96” 
Hole Diameter: 52” 

Outer Edges: Abrasive Cut 
Hole: Powder Cut 


SAVING VALUABLE TIME AND MATERIAL 


Even well equipped shops are usually not set up to cut 
such large stainless plates to pattern easily, and this 
customer, like so many others, took advantage of our 
specialized cutting techniques and equipment. When this 
plate arrived in their plant pattern cut, fabrication 
could proceed at a rapid pace—with no loss of much 
needed material and with significant savings in 

time and labor. 


Stainless steel is our only business ... and we know it. 


METAL 


CARLSON, mc. 


Stainless Steels Exclusively 
300 Marshalton Road, Thorndale, Pa. 
PLATES « FORGINGS « BILLETS « BARS « SHEETS (No. 1 Finish) 
District Sales Offices and Warehouse Distributors in Principal! Cities 
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Effect of Deformation 
on Transformation of 
Austenite to Martensite* 


I N EXPLAINING the effect of plastic 
deformation on the transformation 
of austenite to martensite, it is usual 
to start with a picture of this process 
as a purely mechanical phenomenon, 
similar to twinning, and to consider 
that the formation of martensite 
during the deformation process sup- 
ports this point of view. However, 
because of the new conception of 
the nature of the martensite trans- 
formation and new data on its kinet 
ics (see abstract p. 122, January 1952 
issue of Metal Progress), the effect 
of deformation can be thought to be 
a result of its influence on the proc 
esses of nucleation and growth of 
martensite crystals. In this connec 
tion it is essential to study the effect 
of deformation during extreme cool- 
ing, and especially on the rate of iso 
thermal transformation and on its 
temperature dependence. 

Such an investigation was carried 
out on a steel of 0.6% C, 7.1% Mn 
and on an iron alloy containing 23° 
Ni and 3.4% Mn. Both the steel and 
the carbon-free alloy have thei: 
martensite points 10 to 100° C. below 
room temperature. Plastic deforma- 
tion was carried out at room tem- 
perature by compression and was 
followed immediately by testing in 
a magnetometer. The plastically de 
formed specimens were then cooled 
to cause the martensite reaction to 
occur, and the progress of reaction 
was followed by magnetometer read- 
ings. These data were verified by 
X-ray and metallographic studies. 

Comparison of the cooling curves 
from deformed and undeformed 
specimens showed that in all in 
stances a deformation of 25 to 30% 
had a strong influence both on the 
structure of the specimen imme- 
diately after deformation and on the 
behavior during subsequent cooling. 
Also, such deformation caused the 
formation of 10 to 20° martensite 
during loading, and greatly increased 
the stability of the deformed, un- 
transformed gamma phase. The rate 
of transformation in the steel de- 
creased to one third of the value 
characteristic of the undeformed 
steel, while in the alloy the rate de- 
creased to one tenth of the original 
value. At a given degree of cooling 
a greater amount of the undeformed 

(Continued on p. 148) 

*Abstract of “Transformation of 
Deformed Austenite Into Martensite”, 
by G. V. Kurdyumov, O. P. Maksimova, 
and T. V. Tagunova, Doklady Akade- 
mii Nauk SSSR, Vol. 73, 1950, p. 307. 
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Take it, ¥ 


with our compliments... 


this new engineering data book on thermocouples 


You need this up-to-the-minute 56-page 
edition of Bristol's famous book if you're 
involved with thermocouples and pyrom- 
eters of any kind. It's free for the asking. 
Here's what you get in its three, fact-packed 
sections .., 


1. You get a User's Manval...filled with data 
you'll constantly refer to for the right ther- 
mocouple and protection tube for every 
purpose. Included are tables, charts, etc., 
on Factors Affecting Thermocouple Life, 
Corrosion and Poisoning, Thermocouple 


BRISTOL 


Reproducibility, Proper Location and In- 
stallation of Thermocouples, etc. 


2. You get a Buyer’s Guide...a complete 
catalog listing assembled thermocouples 
and replacement parts for all standard in 
stallations (special uses, too) . . . with full 
specifications, prices, illustrations so han- 
dily indexed ordering’s a cinch. 


3. You get Thermocouple Calibration Data 
... complete, easy-to-use tables of calibration 
data for all commonly used base-metal and 
rare-metal thermocouples. 


THE BRISTOL COMPANY 
106 Bristol Rood 
Waterbury 20, Conn. 


Please send free book on Bristol Thermocouple and 


Pyrometer Accessories 


NAME 


of nduilty 


AUTOMATIC CONTROLLING, RECORDING 
AND TELEMETERING INSTRUMENTS 


COMPANY. 


ADDRESS 
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Transformation of 
Austenite to Martensite 
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(Continued from p. 146 





alloy had transformed to martensite 
Thus, although some martensite 
could be produced during deforma 
tion, this factor was more than offset 
by the increased stability of the 
remaining gamma phase. In_ the 
carbon-free alloy, transformation on 
cooling was delayed only by the 
slower reaction rate. However, in 
the steel the martensite point was 
lowered also by deformation, the 














decrease being greater with higher 
carbon content. 














Investigation of the steel gave 
the following results (which are 


























partially summarized in Fig. 1 and 
2): Small amounts of plastic defor 
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things are looking up! 


Yes, steel supplies are improving tonnage-wise! Even 
alloy steels are in better supply. However, the continued 
scarcity of many alloying materials makes certain grades 
of alloy steel still unobtainable, and substitute grades 
must be used. 

Chances are, we can supply your needs. . . but if we 
can’t, perhaps we can suggest and supply the substitutes 
best suited for your particular requirements. 

Or possibly we can suggest alternative methods of 
manufacture, or variations in your present methods of 
treatment. 

Your nearest W-L office will be delighted to be of 
service. Call them today! 


Get in the SCRAP! ... every pound 
means more steel -for you! 
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Fig. 1 Influence of Deformation 

(Values on Curves Are Percentage of 

Deformation) on the Transformation 

of Austenite to Martensite During 

Continuous, Deep Cooling at 10° ¢ 

per Min. Steel containing 0.6% C, 
7 Mn 
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Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 
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CINCINNATI 


. mation, about 3°, produced no 
In Canada ; 
SANDERSON. NEW BOULD, LTD., MONTREAT transformation during loading, but 
made subsequent transformation on 
cooling more sluggish and lowered 
and AISI the martensite point 20 to 25°C, 
rransformation to martensite during 
loading began between 5 and 10% 
’ ‘ ‘formation. After 50 to 70% de- 
Sidney St., Cambridge 39, Mass, 24 Cleveland + Chicago + Detroit deformation. 
134 hoes § Hillside, \.J. © Bullale « Cincinnati (Continued on p. 150) 
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| A\KE a tip from leading producers if you want economical, high speed 
production of brass strip. . . . Depend on Drever’s controlled atmosphere 
continuous vertical strip annealing furnaces. Automatically, they provide 
close control over surface quality and metallurgical characteristics of clean, 
bright or matte finish brass, nickel-silver and many other types of non- 


ferrous as well as ferrous metals. Vertical design conserves floor space 
and lends itself to production line use. Installation pictured handles an 
average production of 20002 hour in gauges from .008” to .060”. Whatever 
your requirements, consult Drever on how to do it best at least cost. 


EVER . 


790 & VENANGO ST. PRA 34 PENNA. 


W. PENNA... W. N. Y. and OHIO—H. C. BOSTWICK, 19406 6 MORELAND GLVD.. CLEVELAND 22. OnIO 
1OWA, MINN. & WIS.—-WALTER G. BARSTOW, (028 FOURTH AVE. SOUTH, MINN. 4, MINN. 
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There’s a 


REVOLUTION 


taking place in 
METALLOGRAPHY 


Everywhere metallographers are talking about the 
startling optical performance . . . plus simplicity, 
speed, and convenience, brought to metals micro- 
scopy by the new AO “DESK-TYPE” Metallo- 
graph. See it, study it, operate it and you will never 
again be happy with laborious, antiquated methods. 


OPTICS ARE CUSTOM DESIGNED FOR BEST RESULTS at cach A.S.T.M. magnification — 
“Apergon” infinity corrected objectives and matching eyepieces. 


FROM START TO FINISH YOU STAY SEATED, reaching every control and performing every 
operation without moving from your comfortable chair. 


YOU FOCUS AUTOMATICALLY AND ACCURATELY. While examining specimen through mi- 
croscope eyepiece you are automatically focusing for photography. 
VIEWING SCREEN IS DIRECTLY IN FRONT OF YOU. Accurate grain 
size, case depth, and linear measurements are made 
rapidly on the screen with comparison charts and 
micrometer rule. 


IT'S UNBELIEVABLY FAST AND ACCURATE in changing ’ 
magnifications, adjusting lamp, making ex- It S the 


posures, and taking notes. 


MANY OTHER REMARKABLE FEATURES: monocular AO 
or binocular bodies, 2 lamps — visual DES K-TYPE 
and photographic, perfect arc lamp 
performance, with both AC and DC 


ciate: Metallograph 


@ For a 12-page booklet 
describing the AO Metallograph 
write Dept. 1119 


\merican @ Optical 


INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 
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Transformation of 
Austenite to Martensite 


(Continued from p. 148) 
formation no additional transforma- 
tion to martensite occurred during 
subsequent cooling. Continuous low- 
ering of the martensite point oc- 
curred up to about 30 to 40% defor- 
mation, Fig. 2. 

It was found that the total 
martensite produced as a result both 
of deformation and of cooling de- 
creased up to 20 or 30% deformation. 
It then increased again and, after 
large amounts of deformation, ap- 
proached the value of the unde- 
formed alloy. 

In the nickel-manganese alloy the 
effects of deformation were still 
more pronounced. After 15 to 20% 
deformation only about one fourth 
as much transformation to martens- 
ite occurred as was found in the 
undeformed alloy. 





% Moartensite 
\% wa wa 
Si) 9 On 
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Time, Min 
Fig. 3 Isothermal Transformation 
of Martensite at Various Tempera- 
tures ("C.) for Specimens Deformed 
14% (Solid Lines) and Undeformed 
Specimens (Broken Lines). Iron alloy 
containing 23% Ni, 3.4% Mn 


The kinetics of the martensite re- 
action were studied on specimens of 
this alloy deformed 0° and 14%. The 
initial portions of the isothermal re- 
action curves at temperatures from 

15 to —196° C. are shown in Fig. 3. 
Although both the deformed and 
(Continued on p. 152) 
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Story 


» better quench 
) GULF SUPER-QUENCH 


ce 


SAE 1095 steel after quenching in Same steel after quenching in 


GULF CONVENTIONAL 
SUPER-QUENCH QUENCHING OIL 


dual quenching action makes the difference: 


1. deeper hardening 

2. more uniform hardening 

3. minimum distortion 

Gulf Super-Quench can help you offset lower hardenability in today’s substi- 
tute steels. Ask a Gulf Sales Engineer for additional information. Write, wire, 


or phone your nearest Gulf office today. 


Gulf Oil Corporation 
Gulf Refining Company 
Pittsburgh 30, Pa. 
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Moly -sulfide 


LITTLE DOES A LOT 


shows up best 
where the frictional 
conditions are 


difficult 


The case-histories of 154 difficult 
friction problems in the shop and 
in the field, all successfully solved, 
are described in a new 40 page 
booklet. 

It is where conditions are extreme 
that Moly-sulfide excels over other 
lubricants. If you encounter ex- 
treme conditions of pressure, tem. 
perature or velocity, send for this 
free booklet. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36NY 
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Transformation of 
Austenite to Martensite 


(Continued from p. 150) 
the undeformed specimens finally 
reached about the same degree of 
transformation, 35° at 100° C., it 
can be seen that the initial rates of 
reaction are about ten times greater 
for the undeformed specimens. A 
plot of the logarithms of the initial 
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Fig. 4 Dependence of the Loga- 
rithms of the Initial Rates of Forma- 
tion of Martensite on Temperature for 
Specimens Deformed 14% (Solid 
Line) and Undeformed (Broken 


> 


Line). Same alloy as for Fig. 3 


reaction rates versus 1/T is shown 
in Fig. 4. The activation energy for 
both deformed and undeformed 
specimens is about 600 calories per 
mole, indicating that the nature of 
the martensite reaction is not greatly 
affected by deformation. The cause 
of the decrease in reaction rate is 
not certain, but it may be a decrease 
in the volume of the individual mar- 
tensite crystals. 4. G. Guy 


Fatigue Tests 
at High Temperatures” 


\ DESCRIPTION of the machine de- 
‘& vised for the investigation of 
the fatigue strengths of materials at 
elevated temperatures together with 
results obtained by its use in cor 
rosion-fatigue testing are reported. 

The machine is of the rotating 
beam type with single-point canti- 
lever loading. The specimen used 
in the machine is 2 in. long with a 
\,-in. shank diameter and a 0.160-in. 
throat diameter. The usual testing 
speed is about 5000 r.p.m., using 
loads up to 90,000 psi. and temper- 
atures up to 800°C. (1470° F.). 

4 considerable amount of inves- 
tigation has been carried out to de- 
termine a method of measuring the 

(Continued on p. 154) 

*Abstract of “Hot Fatigue Test 
ing”, by H. E. Gresham and B. Hall, 
Symposium on High-Temperature 
Steels and Alloys for Gas Turbines, 
Iron and Steel Institute, February 
1951, p. 181. 





ARDNESS TESTER 


Beller Engineered 
for Better 
“Rockwell” Testing 





Model C-8A 


For your ‘Rockwell’ test- 
ing, you want an instru- 
ment that gives you results 
of unquestioned accuracy. 
Years of research have 
gone into making the CLARK 
Hardness Tester just such a 
precision instrument. 

The CLARK gives you accu- 
rate results for every pro- 
duction requirement. It is 
durably built to give you 
years of dependable serv- 
ice. It is fast and simple 
to operate; easy to main- 
tain. Compare the CLARK 
and see for yourself how 
much more it has to offer. 








INSTRUMENT, INC. 


10200 Ford Road « Dearborn, Michigan 








More power to you! 


In the vital electrical equipment industry, as 
in practically all other fields, the uses for 
Ostuco Tubing are countless. Transformer and 
header tubes, columns, bushings, bearings, 
housings, and mounts are only a few of the spe- 
cific applications in generators, motors, 
starters, power equipment, and many other 
electrical products that mean power to you. 

Whether your products are electrical or of 


From Your Blueprint to Your Produrt 


OSTUCO TUBING 


an entirely different type, you'll be wise to in- 
vestigate the advantages of Ostuco Tubing, in 
improving design, increasing strength, reduc- 
ing weight, and cutting cost. We cannot always 
promise early delivery estimates on new civil- 
ian orders, because of military demands, but it 
will pay you to consult our experienced engi- 
neers about Ostuco Tubing when redesigning 
your products to meet future competition. 


THE OHIO SEAMLESS TUBE COMPANY 
Manufacturers and Fabricators of Seamless and Electric Welded Steel Tubing 


Plant ond General Offices: SHELBY, OHIO 





ed - 


SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wocker Dr 


Cleveland, 1328 Citizens Bidg 


* Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Rood, 


Ferndale * Houston, 6833 Avenue W, Central Park * Los Angeles, Suite 300-170 Se. Beverly 


Drive, Beverly Hills * Moline, 617 15th St. * New York, 70 Eost 45th St. 


* Philedeiphic, 


1613 Pockard Bidg., 15th & Chestnut © Pittsburgh, 1206 Pinewood Drive * St. Lewis, 1230 
North Main St. * Seattle, 3104 Smith Tower * Syracuse, 50! Roberts Ave. * Tulse, 733 Ken- 
nedy Bidg. * Wichite, 622 E. Third St. * Conodion Representative: Railway & Power Corp., Lid. 
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MERRILL 


MATERIALS HANDLING 
DEVICES 


HAND GRIP 
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DRAG CLAMP : iN 


MERRILL BROTHERS 
56-31 ARNOLD AVENUE 
MASPETH, N. Y. 
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Fatigue Tests 
at High Temperatures 


(Continued from p, 152) 
temperature of the rotating test 
piece. Elaborate calibration has 
shown that the present method us- 
ing a thermocouple placed «yin. 
from the test piece is satisfactory. 

In the gas turbine, impurities 
such as sulphur in the fuel will ap- 
pear in the combustion gases as 
sulphur dioxide. It was considered 
possible that serious corrosion 
might be encountered with nickel- 
base alloys. Therefore corrosion 
fatigue tests were undertaken on the 
more important turbine materials. 
The tests were run with and with- 
out an atmosphere of sulphur diox- 
ide and moisture. The initial work 
was carried out with a gas concen- 
tration of 12° sulphur dioxide but 
later this was reduced to 0.05% to 
be equivalent to the maximum con- 
centration in a jet engine burning 
a 3° sulphur-bearing fuel at an 
air-to-fuel ratio of 100: 1. 

With a high concentration of 
gas, the surface showed pronounced 
attack in the form of a series of 
circumferential exudations. With 
low concentration and after 1000 
hr. at 1470°F. under alternating 
stress of 13,400 psi. the surface con- 
dition resembled that obtained with 
a very light etch. The tests at 1470° 
F. up to 100 million reversals of 
stress showed only negligible re- 
duction in fatigue strength. 

Fatigue tests were run on a steel 
to find the effect of solid lead com- 
pound deposits at 700° C. (1290° F.). 
The central portion of the specimen 
was coated with a thin film of cor- 
rosion medium whose composition 
was determined by analyzing de- 
posits occurring on engine valves. 
A typical analysis was 10.0% C, 
18.7% PbO, 70.6% PbBr, and 0.7% 
PbSO,. It lowered the allowable 
stress for 107 cycles by about 15% 

Mention is made of a fatigue 
machine operated electronically to 
vibrate a rectangular-section speci- 
men at much higher frequency than 
can be done with conventional 
equipment. In principle, the mech- 
anism resembles that used in a mov- 
ing-coil loudspeaker Using this 
machine, tentative results on the 
effect of a cold worked surface on 
the fatigue strength of Nimonic 80 
have been obtained. No appreciable 
reduction in the hot-fatigue strength 
of Nimonic 80A was found when 
the mean stress was zero; cold work 
reduced the fatigue strength when 
the metal was subjected to creep 
G. M. Ava 


stress before testing. 





MARTINDALE 
ROTARY BURS AND FILES 


Made of high-speed steel. Produced 
in our own factory where uniform hard- 
ness is assured by heat-treating in elec- 
tric furnaces on which the temperature 
is closely controlled by electric eyes 


AF (Files) 


Sets AB & ! Per Set 
SOE ob cavas .$11.05 
2to ll sets....... 9.75 
12 or more . va ’ 8.45 


The above sets, with \%” diameter 
shanks, are composed of the 8 most 
popular sizes for general use. 

Over 200 sizes and shapes (total over 
75,000 pieces) are carried in stock for 
immediate shipment. 


METAL-WORKING SAWS 


Made of 18-4-1 High Speed Steel in 
4 types for ferrous and nonferrous metals 
Diameters range from 134” to 4” 


“MOTOR-FLEX” 
GRINDERS 


These high 
quality, port 
able flexible- 
shaft tools are 
made in 7 
types for oper 
ation on bench 
floor, or over- 
head. 


Write for 64-page Catalog No. 28 


covering above and many other products 
for maintenance, safety, and production. 


MARTINDALE ELECTRIC CO. 


1372 Hird Avenue, Cleveland 7, Ohio 
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Mahon Six-Stage Meta! Cleaning and Rust Proofing Machine. 
* This is the first machine of this type built to occommodate 
three porallel conveyor lines in a single processing tunnel. 


Mahon Hydro-Filter Spray Booth 87 ft. long. This is one of 
four Spray Booths in the Complete Mahon System at Hamilton 
Manufacturing Compony, Two Rivers, Wisconsin. 


Vi 


Pe 


- - « Sor CRANES * LACQUER + PAINT * VARNISH 
. -»s : 


Complete Mahon Finishing System Installed on the Roof of the Hamilton Manufacturing Company's Plant. 
Note Conveyor Tunnels Extending Across the Roofs of Buildings to Fabricating and Assembly Areas. 


Modern, Self-Housed Mahon Finishing System 
Installed on Roof Saves Floor Space at Hamilton! 


Ilustrated here you see a Complete, Self-Housed Mahon Finishing System 
built on the roof of the Hamilton Manufacturing Company's plant to 
conserve manufacturing floor space. Parts are processed on three separate 
conveyor lines, the longest of which is approximately one-half mile in 
length and requires four hours for a complete circuit at a conveyor speed 
of 10 feet per minute. This is an excellent example of Mahon planning 
and engineering in close cooperation with Hamilton executives. If you 
are contemplating new finishing equipment, you will find that Mahon 
engineers are better qualified to determine your requirements and to 
do the all-important planning which is the key to high quality results 
in production finishing. Over thirty years of experience in planning, 
engineering, building and installing thousands of finishing systems of 
every type and size, for virtually every industry, has endowed Mahon 
engineers with a wealth of technical knowledge and practical know-how 
not available to you elsewhere. In the automotive field and the home 
appliance field, where fine finish is imperative, you will find more Mahon 
Finishing Systems than all other types combined. See Sweet's Mechanical 
Industries File for complete information, or write for Catalog No. A-653. 


’ 8 R. Cc. MAHON Cc OMPAN Y 
HOME OFFICE and PLANT, Detroit 34, Mich. @ WESTERN SALES DIVISION, Chicago 4, iff 


Engineers and Manufacturers of Complete Finishing Systems—including Meta! Cleaning ond Pickling Equip- 
ment, Metal Cleoning and Rust Proofing Equipment, Dry-Off Ovens, Hydro-Filter Spray 
Filtered Air Supply Systems, and Drying and Baking Ovens; Core Ovens, Hydro-Foom Dust 
Collectors, Dust Traps, Fog-Filters, and other units of Special Production Equipment. 


emo 
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LEBANON 


Castings 


in Stainless 
and Special Alloys... 


require Control 
in Melting 


Are or induction melting at 
Lebanon Steel Foundry is an ex- 
acting process, for a heat must 
duplicate precisely the material 
composition required. Electric 
melting is but one of many 
production procedures rigidly 
followed by Lebanon craftsmen 
that result in CIRCLE @® cast- 
ings of controlled high quality. 


LEBANON STEEL FOUNDRY 
Lebanon, Pennsylvania 
"In the Lebanon Volley” 


LEBANON 


Steel and 
Alloy Steel 


astings 
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Cavitation Research” 


‘AVITATION affects the operation 
C of hydraulic machinery in vari- 
ous ways: It can cause a loss of 
power and efficiency by increasing 
resistance to flow, it can produce 
noise and vibration, and it can 
produce pitting which is defined as 
the actual erosion of material sub- 
jected to cavitation. 

An accelerated cavitation ma- 
chine of the vibratory-type was 
used to investigate a large variety 
of materials to determine their rel- 
ative resistance to cavitation, and 
was used for making investigations 
of some of the phenomena of cavi- 
tation and pitting. 

The apparatus consists of a vac- 
uum-tube oscillator which produces 
an alternating magnetic field 
through a nickel tube. When the 
frequency of the magnetic field is 
the same as the natural longitudinal 
frequency of vibration of the nickel 
tube, the tube vibrates at maximum 
amplitude in this direction. 

The test specimen is fastened to 
the end of the tube and immersed 
to a depth of ‘'s in. in distilled 
water which is maintained at 76° F. 
All tests were made at a frequency 
of 6500 cycles per sec. and with an 
amplitude of vibration of 0.0034 in. 
rhe criterion for the rate of pitting 
was the loss of weight of the test 
specimen, and rolled brass was used 
as the standard for these tests. The 
duration of the test was 120 min., 
as it was found that after this dura- 
tion a highly polished specimen 
would pit at the same rate as one 
having a duller finish. 

Tests to determine the effect of 
amplitude showed that the rate of 
pitting was constant between am- 
plitudes of 0.0030 and 0.0035. in., 
and that there was a certain ampli- 
tude below which each metal pitted 
very little. 

When the depth of submergence 
was increased from 's to 2 in., the 
amount of material removed from 
rolled brass increased and that re- 
moved from cast stainless steel de- 
creased. On both, the area of the 
surface of the specimens which 
pitted increased with an increase 
in submergence. However, the 
depth of pitting on the brass re- 
mained the same for all depths of 
submergence while the depth of 
pitting on the stainless steel de- 
creased as depth of submergence 
was increased. (Cont. on p. 158) 


* Abstract of “Accelerated Cavita- 
tion Research”, by W. J. Rheingans, 
Transactions of the American Society 
of Mechanical Engineers, Vol. 72, 
July 1950, p. 705. 
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control 


WHEN IT’S 


) 2 at QUARTERS 


4250 kv constant potential 
transformer 





For heavy-duty inspection problems in limited 
space. nothing beats the dependable 
Westinghouse 250 kv industrial tubestand X-ray 
unit. High X-ray output plus maximum 
maneuverability, means inspection savings on 
large, cumbersome parts. This unit will help to 


solve many of your toughest inspection problems. 


Examine the 250 kv unit—note these 
outstanding features which guarantee high 


quality radiographs: 


Ease of operation 

X-Actron milliamperage contrel 

Constant potential for highest X-ray output 
Direct kilovoltage reading 

Load pre-set 


Fine fooal spot X-ray tube 


Call your Westinghouse representative, or write: 
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Jone 











\ 


Tubestand features easy, counter- 
balanced movements with 


positive locks 








SEPTEMBER 1952; PAGE 157 











PROTECTION 


for sound -walds 


Use ARCOS "Quality Controlled” 
| Stainless Electrodes 


In the split-second flash of an arc, Arcos stainless electrodes 
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result of Arcos’ experience with fabricators’ welding problems 
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cation of quality control in manufacture. 
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Cavitation Research 


(Continued from p. 156) 

Tests were conducted to deter- 
mine if different liquids had differ- 
ent effects. The general conclusions 
were that acid solutions did not 
change the cavitation forces and 
that weight losses were greatly re- 
duced in oil, alcohol and other liq- 
uids. The surface tension of the 
liquid seems to have an important 
influence on the rate of pitting; the 
greater the surface 
greater the damage. 

The pitting resistance of many 
standard trade materials were de- 
termined to evaluate their suitability 
to the industry. There was quite a 
variation in the resistance to pitting 
of various types of cast 


tension, the 


stainless 
steels and even a variation in steels 
of the same type but made in dif- 
ferent foundries. It was also found 
that differences in hardness affected 
the resistance to pitting of 12 and 
13°- chromium steels; the harder 
material had less loss in weight. 
This same difference in pitting was 
found in two stainless steels that 
were rolled and annealed. 

Tests made on welded 
showed that: 

1. Two layers of weld give bet- 
ter protection and have greater re- 
sistance to pitting than one layer of 
weld deposit. 


steels 


The use of Type 309 (25% 
Cr, 12% Ni) stainless steel as a first 
layer of weld metal tends to reduce 
the resistance to pitting of the weld 
deposits. 

3. The addition of columbium 
to the weld rods has no beneficial 
effects as far as resistance to pit- 
ting is concerned. 

4. Two layers of 

(17% Cr, 7% Ni) steel 
weld give the greatest resistance to 
pitting. 
5. If the weld is to be subjected 
to high stresses, Type 309 stainless 
steel should be used as a first layer 
so as to prevent the formation of a 
martensite boundary which 
to the formation of cracks. 

The recommendation based on 
these conclusions is that two layers 
of Type 301 (17% Cr, 7% Ni) weld 
rods be used for prewelding and 
repairing all hydraulic turbine ma- 
chinery subject to strong pitting 
due to cavitation, and where the 
welds and the base metals will not 
have high stresses imposed on them. 
Where high stresses exist, it is rec- 
ommended that Type 309 be used 
for a first layer. The use of weld 
rods containing columbium is not 
recommended. 

The weight losses for three cast 


Type 301 


stainless 


leads 





steels were rather high but there 
was little variation in their per- 
formance. Tests of a number of cast 
aluminum bronzes showed that 
some of the harder alloys had twice 
the pitting resistance of the best 
stainless steel castings. The welded 
bronzes also showed good resist- 
ance to pitting. 

Some types of welded “Colmo- 
noy” had a high resistance to pit- 
ting, as did some sprayed and fused 
coatings. However, the coatings on 
test buttons separated from the 
basis metal during the vibration 
tests. Sprayed coatings of stainless 
steels gave variable results; some 
pitted rapidly while others  per- 
formed well, indicating that the 
method of application is an impor- 
tant factor. 

Conclusions New materials 
such as the Ampco bronzes, Colmo- 
noy alloys and Thiokol rubber are 
constantly being developed which 
might be suitable for hydraulic ma- 
chinery and might have a distinct 
advantage over the materials now 
in use. 

The practical application of the 
materials such as the number of 
layers to be used in repairs by 
welding or when prewelding in- 
fluences the resistance to pitting, 
whereas preheating the base metal 
has little effect on the resistance. 

The hardness of the material 
has a definite effect on the resist- 
ance to pitting, regardless of the 
material being used. 

F. M. Reinuart 


British Views of Metal 
Finishing in America* 


Q)™' OF THE few compensating ad- 
vantages of the present unset- 
tled international situation is the 
educational program formerly con- 
ducted by the E.C.A. (now the Mu- 
tual Security Administration) to 
wequaint foreigners with modern 
American industrial progress. 

This pamphlet is a detailed re- 
port of a six-weeks’ tour, in the fall 
of 1950, by a team of 13 specialists 
from Great Britain that visited 21 
plants and 9 technical groups in 
this country to study methods of 
polishing, plating, and painting 
metals. This report includes de- 
tails of visits to plants and of the 
cycles in use for typical finishing 
operations. (Cont. on p. 160) 


*Abstract of the Productivity 
Report, “Metal Finishing”, Anglo- 
American Council on Productivity, 
distributed by Economic Cooperation 
Association, 2 
1219, New York 16, N. Y., price 50¢, 
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Metal Finishing 


(Continued from p. 159) 

From an American viewpoint, 
the most significant part of the re- 
port is that devoted to conclusions 
and recommendations which fur- 
nish an opportunity “to see our- 
Their 
recommendations to English indus- 
try may be summarized as follows: 

While more attention should be 
paid to mechanization, it must be 
adapted to special needs. Also, cost 
data should be made available to 
the whole organization of a plant. 
It is thought that the American “un- 
orthodox” arrangement of plating 
shops may provide greater flexi- 
bility and economy. 

A campaign of education of in- 
dustry and the public is desirable 
to emphasize the significance of 
metal finishing, and much closer 
collaboration between the design 


selves as others see us”. 


and the finishing departments is 
necessary. There should be more 
inspection and quality control in 
the earlier stages of metal finishing. 

The American “kerb-side” stand- 
ard of finish for example, on 
automobiles should be followed, 
but not at the expense of durability. 
It is believed that the prevailing 
British standards of 


may be too high in some cases. 


appearance 


New methods of paint applica- 
tions should be more quickly evalu- 
ated and adopted if advantageous, 
and more study should be given to 
reclamation of spray paints. The 
film thickness of paints should be 
measured instead of merely de- 
pending on the number of coats. 

More automatic and semi-auto- 
matic polishing should be done, 
with the emphasis on barrel polish- 
ing and deburring. Prepolished 
strip should find wider use. 

Semibright nickel plating may 
be preferable to dull or full-bright 
plating. 

Electropolishing and chemical 
bright dipping warrant more study, 
as does periodic reverse plating. 

Methods of metal cleaning, rins- 
ing, and activation (of nickel before 
chromium) are superior in U. S. to 
those in Britain. 
may be useful. 


De-ionized water 


The report gives a clear, concise 
picture of American plating prac- 
tice in 1950. It shows that the sim- 
ilarities between American and 
British practice are more pro- 
nounced than the differences. 
Shortages of metals, especially 
nickel, have since caused radical 
changes in both countries, most of 
which, it is to be hoped, will not be 
permanent. W. BLuM 
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Undershooting 

Are you going to continue to 

put up with that troublesome overshoot- 

ing and undershooting inherent in your 

conventional pyrometer control —espe- 

cially when it is so easy to eliminate that 
saw-tooth effect? 

Put XACTLINE in the control circuit. 
XACTLINE anticipates the temperature 
changes—before they occur. And too, it 
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in “Straight-Line’’ temperature control. 
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ing or recording pyrometer control of 
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electrically heated oven, furnace, kiln, 
injection molding machine, and fuel-fired 
furnaces equipped with motor-operated 
or solenoid valves. 

XACTLINE is a complete unit. No ad- 
justment or coordination with the control 
instrument is required regardless of the 
size of the furnace, length of the heat- 
ing cycle, or size of the load. Installa- 
tion is very simple—can be either flush 
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Something NEW in Selective Heat Treating... 


LIQUID FLAME HEATING 


This radically new but commercially proven application 


of the world renowned Ajax Salt Bath Furnace offers industry many 
unique advantages over any other method for selectively heating 
the rim or edges of circular objects, hardening teeth on gears or 
sprockets, and any other products that require peripheral heating. 

The technique of operation is simplicity itself: Either a neutral 
type salt bath or a carburizing bath, heated by the internal electrode 
system, is maintained automatically at the required specific temper- 
ature. A number of the parts, such as gears, to be selectively 
heated can be mounted on a shaft within a suitable fixture which is 
placed over the salt bath. Only that portion of the periphery to be 
heated (such as the teeth) is immersed in the bath. The work is 
then rotated and heating is extremely rapid due to conduction by 


the intimate contact with the liquid salt. 


Teeth of four 12” dia. gears, 
SAE 4140 steel, weighing 36 Ib. 
each, being liquid flame hard- 
ened. Conventional carburizing 
both operated at 1550 F. Total 
time cycle 4 minutes, followed 
by oil quench. Resultant tooth 
hardness 52 RC with tough 
core of only 36 RC 


Let us treat sample batches of your work 
without obligation in the Ajax Metallurgical 
Service Laboratory. Better still, come see it 
done yourself! Reprint No. 73 sent on request. 


Associate companies: Ajax Electric Furnace Corp. * Ajax Engineering Corp. * Ajax Electrothermic Corp. 


—— 


y OVER 4,000 INSTALLATIONS .. . more than all other salt baths combined V 


AJAX ELECTRIC CO., INC., 910 Frankford Avenue, PHILADELPHIA 23, PA. 
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Explosion Transition of Weldments* 


oy TESTING WELDMENTS to destruc- 
tion, one of the basic objectives 
is to determine not only the factors 
influencing the performance of the 
weldment in the test but also the 
extent of their influence on that 
performance. A form of explosion 
test has been utilized at the Naval 

*Abstract of “Investigation of 
Factors Which Determine the Per- 
formance of Weldments’”, by C. E. 
Hartbower and W. S. Pellini, Weld- 
ing Journal Supplement, Vol. 30, Oc- 
tober 1951, p. 499-s — 510-s, 


Research Laboratory, Washington, 
D. C., for this purpose. 

In this test a 20x 20-in. plate 
specimen is placed over a 3-in. 
thick saddle plate in which a 12-in. 
diameter chamfered circular open- 
ing had been prepared. The explo- 
sive, a 4-lb. cast wafer of Pentolite, 
was supported 15 in. above the test 
plate and central with reference to 
the 12-in. hole in the saddle plate. 
This “offset” or “standoff” of the 
explosive develops an_ essentially 
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flat pressure wave of uniform in- 
tensity over the test area while 
area of the test plate supported by 
the saddle plate (72% of the total) 
is clamped thereto by the pressure 
wave during formation of the bulge. 

The tests were conducted at 
temperatures ranging from 25 to 

105° F. and test plates were held 
at the desired temperature for a 
minimum of 3 hr. prior to testing. 
An increment loading technique 
was used which consisted of suc- 
cessive explosions against each 
specimen until either the desired 
strain level was reached or fracture 
occurred. Between shots the speci- 
mens were returned to the refrig- 
erating apparatus for a minimum 
of 1 hr. 

Two plate materials were used, 
one of 52,000 and the other of 
38,000 psi. yield strength (hence- 
forth, these will be referred to as 
HTS and MS). Welds were made 
of the double-“V” form using elec- 
trodes of three grades: AWS E6010, 
E7016 and E12016. The joint groove 
in the %-in. plate had a 60° in- 
cluded angle with a root opening 
of % in. Welds were deposited 
with a full weave in a total of 8 
layers. Joints in the HTS plate 
were located transverse and paral- 
lel to the rolling direction but in 
the MS plate the joints were trans- 
verse only. 

Charpy V-notch transition curves 
were obtained for the weld and 
plate metals. Base metal specimens 
were taken parallel to the direction 
of rolling with notch parallel to 
the rolled surface of the plate. Weld 
metal specimens were taken trans- 
verse to the joint as close to the 
top of the weld as possible so that 
the notch was contained by the 
surface layer of weld metal. The 
transition curves of plate metal 
show a comparatively narrow tran- 
sition range (from 0 to +50° F.), 
whereas the weld metal 
show considerably wider transition 
ranges (from —100 to 75° F.). 

In general, the strain distribu- 
tion in the various welds agreed 
with previous observations as to 
the effect of relative flow strengths 
of weld and base metal, and is 
summarized in the tabulation. 

For the evaluation of fracture 
performance in the explosion bulge 
test the final strain at fracture (ter- 
minal strain) was considered to be 
of greatest engineering significance. 
Three components of this strain 
may be measured, if necessary: 

1 and 2. Biaxial components in 
bulge surface. 

3. Reduction in plate thickness. 

(Continued on p. 164) 
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Here are the five big considerations that will assure you the 
most profitable purchasing of furnace parts and fixtures. In 
meeting the requirements they embody, Driver-Harris offers 
advantages unequalled by any other source of supply. 


1. QUALITY OF MATERIALS 
The high heat- and corrosion-resistant cast alloys Ni- 
chrome*, Chromax*, and Cimet*—developed exclusively by 
Driver-Harris—furnish heat-treating equipment that is un- 
excelled for efficiency and long life. 


2. QUALITY OF CASTINGS 


Driver-Harris brings over 40 years of alloy-casting ex- 
perience to the production of heat-treating equipment for all 
types of furnaces. D-H muffles, retorts, and furnace fixtures 
cast from Nichrome and Chromax are today compiling out- 
standing service records thruout the heat-treating industry 


3. LOW HEAT-HOUR COSTS 


The top grade nickel-chrome alloys supplied by Driver- 
Harris provide furnace parts and fixtures that deliver more 
hours of service per buyer's dollar. Such equipment, assuring 
lower heat-hour costs, 18 not only most economical in the 
long run, but the most economical to purchase initially 


Sole producers of Nichrome, 
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BRANCHES: Chicago, Detroit, 


4. SUPPLIER'S SERVICE AND 
CONSULTATION FACILITIES 


Driver-Harris has representatives thruout the United States, 
and in Canada. The service requirements of its customers 
receive prompt attention, and sound technical advice is always 
available, without obligation, to help users of D-H equipment 
solve their heat-treating problems. 


5. SUPPLIER'S STOCKPILE OF EXPERIENCE 
IN THE HEAT-TREATING FIELD 


Driver-Harris has not only designed and manufactured 
furnace parts and fixtures for innumerable run-of-the-mill 
applications, but for a host of special jobs with exacting 
specifications. Whether it be a basket weighing a few pounds, 
or a retort weighing several tons, Driver-Harris’ wealth of 
experience assures error-free, dependable units capable of 
taking the severest punishment while giving long and out- 
standing service. 


Send us your specifications. We'll gladly put our specialized 
knowledge and skills at your disposal and make recom- 
mendations based on your particular needs 
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Explosion Transition of Weldments ness by use of micrometer. 

With reference to the lat- 

(Continued from p. 162) ter for an undermatching 
The points of greatest in- FLow STRENGTH TRANSWELD LONGITUDINAL weld metal, the thickness 
terest for such measurements oF WELD METAL STRAIN WELD STRAIN 





strain in the weld indicates 
are the site of first separation Overmatching ae" Essentially high terminal strain because 
in fracturing and that loca- the Base Metal Unchanged of concentration, whereas 
tion in the pole region, but Undermatching | Increased* | Essentially the over-all general strain 
away from the weld, indica- the Base Metal | Unchanged level imposed on the weld- 
tive of the maximum general pe : an i cet sits conti ment at fracture is relatively 
level of strain accepted by aii “ue to what it would be with matching small. Thus, the measure- 
the weldment as a whole. , ment of the general thickness 

At the point of first sepa- strain level for the weldment 
ration, two strain measurements are gradients in the transweld direction at fracture, for a realistic evalua- 
practical: (a) Longitudinal-weld prevent the practical measurement tion, should be made at a point re- 
strain by photogrid (severe strain of strain); (b) reduction of thick- moved from the weld. A location 
1% in. from the weld centerline, on 
a radial line through the pole, was 
selected for this measurement of 
the general over-all thickness strain 
level for the weldment. Since all 
three strain criteria indicate essen- 


; tially the same transition tempera- 
§ ture, the thickness strain measure- 

ment at the 1%%-in. pole position 

was adopted as a standard criterion. 

: the 4 metal show On the basis of the thickness 
strain criterion, the transition tem- 














perature ranges were as follows: 


TRANSITION 

PLATE WELD RANGE, °F. 
MS E6010 50 to 
E 12016 95 to 

MS (not welded) 95 to 
HTS E6010 0 to 
E7016 50 to 


E 12016 95 to 
TRADE IN OLD IDEAS FOR MEW | irs. cit, Se 


No significant differences were 
observed between the two joint 
orientations in the HTS plate. 
Origins of fracture were distributed 
equally between weld and _ base 
metal in the specimens welded with 
the E12016. Fractures that origi- 
nated in the weld were found to 
propagate through base metal rather 
than in or along the weld. In gen- 
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The most valuable asset of the 
Big Metal Show beyond its im- 
pelling hold on all metals in- 
dustries people lies in its singu- 
lar virtue of sparking new ideas 
and changing old concepts of 
ll things conc als. = . : 
a en See eral, the radiographic quality of 
Don't miss this Big Metal Show ; a 
‘ the welds did not correlate well 
. itll be jam-packed with . ai 
simian setae Millon with fracture performance. The 
> ing, di - waa > a 
8 : 8 E12016 weld fractures exhibited 
ent idea-changers! 
surface shear at temperatures above 
—105° F. but, on the other hand, 
the HTS plate did not exhibit sur- 
face shear at the highest test tem- 


, : perature (—50° F.). 
PHILADELPHIA . In the HTS plate with E7016 
welds the fractures were initiated 
in the weld and, in most instances, 
developed through the weld for 
OCTOBER 20-274 ‘ extensive distances. The site of 
' first separation was not easily de- 
termined and surface shear was not 
exhibited at the highest test tem- 
perature (—25° F.). 

The HTS plate with E6010 welds 
NATIONAL METAL EXPOSITION withstood greater plastic deforma- 
tion transweld than did the other 
CUCL ES Laem sae weld metals. The fractures were 


(Continued on p. 166) 
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HIGH-TENSILE STEEL 


Minimum product weight and long product service are just 
two important reasons why N-A-X HIGH-TENSILE steel is ideally 
suited for tote boxes, pallets, conveyors, lift trucks, and other 
equipment used for transporting materials. 


Because N-A-X HIGH-TENSILE steel has exceptional strength and 
durability, thinner sections can be used, yet it resists abrasion, 
impact, fatigue, and corrosion. N-A-X HIGH-TENSILE steel gives 
your equipment longer life and reduces deadweight to the 
minimum; you can carry a greater net load of material with no 
increase in the gross load weight. And N-A-X HIGH-TENSILE steel 
has exceptional welding and fabricating qualities — important 
advantages where custom-made materials-handling equipment 
is required. 


If you are interested in better, more economical materials- 
handling, why not investigate N-A-X HIGH-TENSILE steel now? 


GREAT LAKES STEEL CORPORATION 


N-A-X Alley Division © Ecorse, Detroit 29, Michigan 


NATIONAL STEEL ely CORPORATION 
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Waltz CH gas fired heat-treating unit gives you 
all the advantages of a full scale heat-treating 
department. Designed for heat-treating all types 

, of oil or water hardening steel . . . for heating, 
m- quenching and drawing . . . for stress relieving, 
~ normalizing and annealing, with controlled atmos- 


Waltz Furnace Co., ' , 
Symmes Street, Cincinnati, Ohio 


Dept. W 

Please send without obligation 
engineering bulletins—Waltz Heat- 
treating Furnaces. 


C—O 


Features include: 

1. Heating Furnace with range of 1000° to 
2400° F. automatically controlled (12” wide 
x 10” high x 18” deep). 

2. Tempering or Drawing Oven is recirculating 
type. Work is constantly bathed with evenly 
distributed high velocity and held to constant 
temperature by automatic control. Alloy steel 
lined with perforated shelf, has range of 
250° to 1100° F. (21” wide x 10” high x 
18” deep). 

Furnace and Oven doors equipped with foot 
treadles. 

Two Quench Tanks for oil and water. By 
means of double wall construction, oil tank 
is entirely surrounded by water for cooling 
oil, thus producing more uniform quenching. 


5. Automatic electronic type controls. 

6. Shipped ready to install by simply connect- 
ing gas and electric power line. 

A complete line of WALTZ standard or special heat- 

treating furnaces, using all types of fuels are built 

to suit your requirements. Write for comprehensive 





COMPANY__ 








PAI a 


CITY. STATE 





illustrated bulletins. 


SYMMES STREET 
CINCINNATI, OHIO 


—. i Yedkisa turnace company 
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Explosion Transition 
of Weldments 


(Continued from p. 164) 
largely through the weld metal and 
were characterized by shear at 
temperatures of —25° F. and above. 
The HTS plate did not exhibit sur- 
face shear at the highest tempera- 
ture tested (425° F.). 

In the MS plate with the E6010 
and E12016 welds the transitions 
were essentially the same as indi- 
cated for the HTS plate, although 
fracture was initiated in the E6010 
weld metal. Also, the E6010 weld 
in MS plate showed greater ductil- 
ity than similar welds in HTS plate 
and, while fractures were trans- 
weld, they propagated through the 
base metal. 

The most evident fact to be 
noted from these tests is that the 
performance of the pearlitic steels 
was controlled by the weld depos- 
its rather than by the heat-affected 
zone. This suggests the importance 
of assessing those characteristics 
of the weld which are primary in 
the performance of the weldment. 

Since the transition from ductile 
to brittle fracture of the prime 
plate specimens and the E12016 
weldments occurred at the same 
temperature (although their notch 
toughness was 15 ft-lb. at 0° F. and 
15 ft-lb. at —100°F., respectively) 
it would appear that notch-bend 
transition tests cannot be used to 
indicate performance of unnotched 
material when cast weld metal and 
wrought metal are compared. It is 
possible that the cast weld metal 
suffers a net disadvantage due to 
submicroscopic flaws and must 
have a considerable premium of 
notch toughness to equal, in the 
form of a weldment, the perform- 
ance of rolled plate. 

Considering the E7016 and the 
E6010 weldments, the welds of 
which had 15-ft-lb. transitions su- 
perior to the base metal (i.e., lower 
temperatures), the transitions of 
these weldments were inferior to 
those of the base metal specimens. 
Thus, it would appear that a mod- 
erate premium of weld metal tough- 
ness is not enough, and that the 
premium necessary to produce 
weldments having transitions equiv- 
alent to the prime plate specimens 
must be very great. 

The contribution of absolute flow 
strength of weld metal to weldment 
performance is indicated by the 
increased rigidity of the weldments 
with welds of high flow strength. 
The restraining effect of the weld 

(Continued on p. 168) 











I. THE BEAUTIFUL new plant of CBS- 


Hytron at Danvers, Massachusetts, 
de-gassifying of radio and TV tube parts 
has been set up as an automatic, electron- 
ically controlled process. A key factor in 
making this practical is the depend- 
ability of Hayes “Certain Curtain” 


furnace equipment. 





Hayes Inclined-Hood design enables these 
furnaces to operate on 125 c.f.h. of dissoci- 
ated-ammonia hydrogen, Operating temper- 
ature is 700-800°C.— treating nickel, copper, 
nickel plated steel, with cooling to room 
temperature. “Our atmosphere savings are 
very substantial} notes Mr. Meinerth, “and 
we are getting more uniform work of ideal 
cleanliness.” Work goes direct from degreasing 
Complete process is 100% 


to furnaces, passing through 
automatically controlled special drying units shown bere 


For the BEST in Electric Heat Treating Equipment, Request Catalog 112 


A; 


CERTAy, 
ELECTRIC, <> FURNACES 
CurTa\™ 








CARBON CONTROL 
in the CARBURIZING 
PROCESS 


Fine Grain Steel 
Mag. 100X 
2% Nite! Etch 


Time — Temperature — Carburizing Medium — Circulation — these 
have been accepted as essentials of the gas carburizing process. Now 
a 5th facter — Pressure — is established as being of primary im- 
portance. POSITIVE PRESSURE CARBURIZING has simplified the con- 
trol of the amount and distribution of carbon in the case. Uniform 
results from heat to heat are realized — not only can the desired 
carbon concentration be obtained on the surface of the work but also 
to specified depths below the surface. Finish grinding may be performed 
without loss of uniformity of surface hardness — or may be eliminated 
entirely 


Hevi Duty Carburizer-Nitrider Furnaces are now equipped for con- 
trolled pressure carburizing. Inexpensive accessories can be provided 
to convert existing Hevi Duty Carburizers into controlled pressure 
carburizers to give you true carbon control. 


Consult your nearest Hevi Duty Office for more information — 


Eastern District Cleveland District Chicago District 
50 Journal! Square 1979 Union Commerce Bidg 205 W. Wacker Drive 
Jersey City 6, N. J Cleveland 14, Ohio Chicago 6, Illinois 


HEVI DUTY ELECTRIC COMPANY 
HEAT TREATING FURNACES HEVIcsBUTY ELECTRIC EXCLUSIVELY 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REGULATORS 
MILWAUKEE 1, WISCONSIN 
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Explosion Transition 
of Weldments 


(Continued from p. 166) 

was shown to be proportional to 
its absolute flow strength. Thus, 
an increase in load-carrying ca- 
pacity of the weldment results 
from the presence of welds of high 
flow strength. Fractures in over 
matching welds initiate and propa- 
gate in a transweld direction and 
those in undermatching welds ini- 
tiate in and propagate along the 
weld. This follows as the result of 
strain unbalance developed by mis- 
matching weld and base metal flow 
strengths and the fact that fractures 
develop at 90° to the direction of 
principal strain. With undermatch- 
ing, the principal strain is trans- 
weld; with overmatching, the prin 
cipal strain is longitudinal. 

It is concluded that the bulge 
test has considerable research value 
as well as potentialities as an em 
pirical test tool. Initial use of the 
test has been aimed at basic re 
search on effect of weld flow 
strength and it should be pointed 
out that the present study has been 
limited to a single geometry of 


welded joint. W. L. Warner 


New Facilities 
Increase Openhearth Steel 
Production* 


rP\HIS PAPER gives a detailed de- 

scription of the openhearth fur- 
nace operations at the Middletown, 
Ohio, plants of the Armco Steel 
Corp. for the past 30 years; high 
point of the article is the complete 
description of the engineering and 
operating features of the new plant 
built in 1950. Comparisons of the 
results obtained in the new plant 
with those observed in the older 
shops are given. A novel method 
is employed to charge solid materi- 
als in the new furnaces, and this 
involves a radical departure from 
conventional openhearth layouts. 
The new shop includes almost ev- 
ery modern facility for use with 
openhearths, and the author gives 
an interesting discussion of the 
function of each of these items and 
cites operating data. 

The new plant contains three 
250-ton furnaces and is compared 
(Continued on p. 170) 

* Abstract of “A New Departure 
in Steel Production”, by Leo Reinartz, 
a paper presented at the Chicago Re- 
gional Meeting of the American Iron 
and Steel Institute, Dec. 13, 1951. 





You can’t measure 
> surface temperatures accurately 


ot 


with a toy! re. 


Ever look inside a shiny mechanical toy? 
Inside— where the "Work" is done— 
you don't find the quality that says craftsmanship, 
performance and durability. 


Apply the same test of quality when you These things speak of quality design and 
choose a surface temperature instrument particular attention to detail. BUT that 
... look inside! oe i . ; 

: isn’t enough to judge performance of a 
Hold an Alnor Pyrocon in your hand... 


feel the fine balance of weight . . . notice Pyrocon—or any instrument. Look closely 


the all-metallic case and shatter-proof glass. at a Pyrocon! 


look at the yoke ... where the thermocouples are attached. Notice that neither 
plate connection is grounded. Also, those plates are of chromel and constantan 
alloy ... a feature developed by Alnor. 


* . . . . . . 
look at the arm”... that is electrically inert, serving only a mechanical function 
so that it cannot influence accuracy. See how the rigid arm can be rotated to any 
position and still leave the scale face in a readable position. 


look at the movement? ... and see why we guarantee accuracy of + 2% under 
all ambient temperatures and all combination of arms and couples. High circuit 
resistance and low current demands produce a movement of extreme sensitivity 
and high, constant accuracy. 


look at the magne? ... Alnico, of course. Its large size creates 
high flux density that directly affects sensitivity. Notice, too, the machined pole 
pieces that also increase accuracy throughout the scale range. 


look at the base ... a heavy brass piece that supports the entire 
movement assuring permanent, rigid alignment. This sturdy foundation means 
long-lived accuracy and electrical stability—even in severe service. 
ee And you'll see why the Alnor Pyrocon is the recognized leader 
in the field of surface temperature indication. These Alnor features are the result of 


years of manufacturing experience .. . pioneering design and continuing research. 


* Also available with flexible arm. Complete 
selection of 
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Desirable savings in nickel and other critical materials can be 
accomplished through new methods in design and construction 
of industrial furnaces by The Gas Machinery Company. 
Specifications for forging and heat treating can be met by 
employment of a rotary furnace, the construction of which re- 
quires only refractory and moderate quantities of carbon steel. 


Rotary furnaces require less investment for the same duty, and 
results are superior. 


Other Gasmaco accomplishments include the use of silicon 
carbide in roller hearth furnaces, replacing alloy steel. For 
practically all applications where alloy steel tubes and rollers 
were formerly used, silicon carbide can be substituted, with 
greater benefit. 


Our furnace engineers will be glad to point out the many 
advantages of Gasmaco developments and industrial heat 
applications which may fit your requirements. 

SALES REPRESENTATIVES 
McCONNELL SALES & C. E. NOBLE 


LEWIS C. BAXTER 
2207 Ashiond Avenve ENGR. CORP. The pints Sau. Co. 
Toledo 10, Ohio 2809 Central Avenve . Box 314 

Birmingham 9, Alabama LaGrange, Ohio 
EMIL J. KUKA CHRISTY FIREBRICK Co, WE G48 MACHINERY CO., 
53 West Jackson, Room 733 506 Olive Street 


. 9 McNab Street 
Chicago 4, lilinois St. Louis 1, Missouri Hamilton, Ontario, Conade 


MACHINERY COMPANY  vesioncrseFabricatorsstrectors 


Gas Plant Equipment and 
16136 WATERLOO ROAD 


Industrial Furnaces 
CLEVELAND 10, OHIO THE GAS MACHINERY CO. (Canada), Ltd. 


HAMILTON, ONTARIO 
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New Facilities Increase 
Openhearth Production 


(Continued from p. 168) 
with the older plant having eight 
175-ton furnaces which the com- 
pany built several years previously. 
All of the steel melted in these shops 
is for sheet and strip containing 
less than 0.06% carbon. Although 
the melting charges for these lend 
themselves to uniform production 
practices, the steels require a long 
finishing period and the highest 
tapping temperatures, both of which 
reduce the output of the furnace. 
The new furnaces are severely 
handicapped at present because of 
insufficient hot metal (only 26% in 
1951 as compared to 41.1% avyail- 
able hot metal on the older 175-ton 
furnaces). In spite of this the new 
plant has shown outstanding results 
as compared to the older one. Some 
of the comparative results are: 
175-Ton 250-Ton 
FURNACES FURNACES 

Hot Metal 41.4% 26.0% 
Tons per Hr. 

(tap to tap) 13.4 18.9 
Million B.t.u. 

per Ton 3.24 
Total Labor 

Hr. per Ton 0. 
Charging Time 

(Average) 265 min. 272 min. 
Roof Life 

(No. of heats) 146 216 
Availability 87.7% 91.1% 


3 0.67 


It will be evident that when suf- 
ficient hot metal is available to the 
new furnaces, performance will 
greatly exceed these results. A hot 
metal supply of 50% of the charge 
should almost double the tons per 
hour melted on the old furnaces 
(13.4 tons), and greatly decrease 
the heat requirement, labor and 
charging time for the new furnaces 
Since the investment cost and 
hourly operating charges are much 
higher on the new furnaces, impor 
tant benefits will result from the in- 
creased hot metal which will be 
available when a new blast gets 
into operation, 

The unique method for bringing 
solid charge materials to the fur 
naces is the most important feature 
of this plant. Departing radically 
from conventional practices with 
its long drags of charging buggies, 
numerous switching back and forth 
of charging drags and the many de- 
lays incidental to such layouts, the 
new plant overcomes many of these 
defects by charging each furnace in 
a manner which does not interfere 
with the continuous operation of 
the other furnaces. 

The loading is accomplished by 

(Continued on p. 172) 





FOREMOST VALUE 








GENERAL PURPOSE 





This is the air hardening die steel meeting 
your shop’s general-purpose cold work 
needs . . . exceptionally high in wear 
resistance ... outstanding in high 
strength and toughness . . . with very 
low movement in hardening. AIR HARD 
is a bargain today, available from district 
warehouse stocks or promptly from our 


mill. Let us give you the facts. 


Vanadium-Alloys 


LATROBE, PA. 





(Lmazing Ommonia 


applies for a job! 


If ammonia, the versatile chemical, applied for a 
job, the interview would probably go like this: 


EMPLOYER: How old are you? 


AMMONIA: Many centuries. I helped the 
ancient Egyptians bleach cloth 3,000 years ago. 


EMPLOYER: Amazing! But what do you do 
today? 


AMMONIA: I grow farm crops, make ice, 
purify water, produce explosives. 


emptoyver: I know you are a fertilizer, a 
refrigerant, and... 


AMMONIA: Yes, and I serve as a protective 
atmosphere to surface-harden and anneal 
vital parts of planes and automobiles. I 
neutralize acid in petroleum and extract 
metals from ores. I’m a solvent and reaction 
medium in organic synthesis, a nutrient 
for yeast and a processing agent in the 
manufacture of alkalis, rayon, dyes, 
butadiene, and catalysts for cracking 
petroleum. I’m used in making 
vitamins, sulfa-drugs and radio 
and television parts and tubes. 


EmPLOYerR: Whoa—that’s enough! 
What can you do for us? 


AMMONIA: Just let one of our technical men 
talk it over with your chemists. He can 
usually find an answer that will — up 
some process and save you do: > 


Barrett* Brand Anhydrous Ammonia in Cylinders 


FORMERLY SOLD BY THE BARRETT DIVISION 


NOW SOLD BY ’ 5 ne 
MN iloogen Divison 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


*Reg. U. 8. Pat. OF 


METAL PROGRESS; PAGE 172 





New Facilities Increase 
Openhearth Production 


(Continued from p. 170) 
bringing the charging drags into 
the openhearth building on a 
curved track. This track leads into 
the basement under one end of the 
furnace to be charged; the buggies 
are uncoupled and lifted by eleva- 
tor to the charging floor; the bug- 
gies are turned 90° on the elevator 
and then manipulated by the charg- 
ing machine in front of the furnace 
doors, the charge dumped into the 
furnace, and the empty buggies 
pushed to the elevator at the other 
end of the furnace where they are 
delivered to the track in the base- 
ment. The empty drags are then 
hauled to the scrap yard for reload- 
ing. Burned lime and repair dolo- 
mite are dumped from overhead 
hoppers into charging boxes with- 
out interfering with the flow of 
steel scrap to the furnaces. 

The same careful study of the 
disposal of the molten steel and slag 
which are discharged from fur- 
naces is also evident. A 466-ft. long 
pouring platform provides ample 
room for empty molds, and a spe- 
cial slag car located in the base- 
ment receives “flush slags” through 
a hole in the charging floor. The 
flush slags and refuse from the 
charging floor are removed in this 
manner without interfering with 
movement of materials being 


charged. E. C. Wricut 


Solidification of S$teel* 


HE INFLUENCE of mold materials, 

metal characteristics, superheat, 
and mold geometry for the produc- 
tion of sound castings is known 
only in a qualitative manner. The 
nature and course of solidification 
from mold walls of widely differing 
thermal properties is the elemental 
object of investigation. Tempera- 
ture measurements made during 
solidification were deemed the most 
accurate method to resolve the 
problem. 

The test castings were 20 in. 
high and 7% x 7% in. at the top and 
tapered to 6% x 6% in. at the bot- 
tom. Thermocouples were em- 
bedded in the castings and mold 
walls in a plane passing through the 
vertical mid-height of the casting. 

(Continued on p. 174) 

*Abstract of “Solidification of 
Steel From Sand and Chill Walls”, 
by H. F. Bishop, F. A. Brandt and W. 
S. Pellini, Naval Research Laboratory 
Report 3785, Jan. 4, 1951. 





akes it 
Look Easy 


All it takes to be a champion athlete is muscle, speed, 


know-how . . . and Coordination, with a Capital “‘C!” 


Ask any champ. Or ask us. We know. Coordination is 


something we’ve got to know about, in the steel business. 


SMASH ! Making steel is complicated enough in ordinary times, and 
Swinging with perfect today we’re going “all out’’ to make the kinds and qualities of 


coordination, a top tennis steel you want, and still fulfill military 
player ‘‘kills” the ball . ; . 
as easy as you please. requirements and government allocations. 


Under somewhat trying circumstances. 


That’s why coordination between departments is 

our No. 1 Rule here at Wisconsin Steel. 

It enables us to make only promises we can keep, 

and keep any promises we make. It means that when we 
take an order, you can count on delivery. Which is something 


to consider, next time you order steel. 





INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue, Chicago 1, Illinois 


INTERNATIONAL 
HARVESTER 


WISCONSIN STEE 
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UNSURPASSED 
QUALITY 


Combines the operating economies of 

lorge continuous furnaces with the 
flexibility of batch-type equipment. Positive, 
directed flow of furnace atmosphere through 
load, combined with the “heat capacitor” 
assures rapid, uniform heating on dense, 
bulk-loaded parts and even on light case 
work. 


GREATER 
PRODUCTION 


The Dow Furnace has established 
production records in plants through- 

out the country. Forced, uniform quenching 
from atmosphere gives full hardness, reduces 
distortion, eliminates decarburization. One 
man can operate two furnaces with ease, 
producing as much as 1500-lbs. of light cose 
work per hour 


WIDER 
VERSATILITY 


Whether it's gas cyaniding, gos cor- 
burizing, clean hardening or carbon 
restoration work, the Dow Furnace is 
capable of processing a variety of parts 
having a wide range of heat treatments. To 
demonstrate the close tolerances of heat 
treatments, send us samples of your own 


>AT LOWER COSTS 


Reductions in direct labor, material handling, 
machining and cleaning costs, coupled with im- 
proved quality, have resulted in savings amortizing 
the original cost of the Dow Furnace in a few 
months. Gas cyanides for % to % the cost of 
liquid cyaniding. 





12045 Woodbine Ave. + Detroit 28, Michigan 
KEnwood 2-9100 
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Solidification of Steel 


(Continued from p. 172) 
All castings were risered and the 
nominal composition was 0.60% 
carbon, 0.50% manganese and 
0.30% silicon. 

The amount of superheat had 
relatively little effect on the thermal 
course through the walls. In the 
early stages of wall heating all wall 
thicknesses behave as if of the same 
thickness but, as solidification pro- 
ceeds, the heat capacities of the 
various mold walls begin to mark- 
edly show their influence. 

At the time of interface air-gap 
formation, the cooling rate is re- 
duced on the casting side. The 
rapid heating of thin walls causes 
them to expand and pull away from 
the casting and this results in a de- 
crease in the rate of heat transfer 
across the interface. 

The heat capacities of the chill 
walls (2 min. after pouring) are il- 
lustrated by outer surface tempera- 
tures as follows: 770° F. for 1‘%-in. 
walls, 425° F. for 2%-in. walls and 
140° F. for walls of 4% in. 

Heat from three sources, (a) 
specific heat of liquid metal, (b) 
heat of solidification and (c) spe- 
cific heat of solid metal, is metered 
from the casting to the mold wall 
during solidification. Simultane- 
ously with the formation of initial 
skin the superheat of the remaining 
liquid is lost very rapidly and the 
central portion of the casting 
reaches the liquidus temperature. 
This temperature level is main- 
tained until the solidification band 
reaches the casting center where a 
drop of 125° F. was found to take 
place within a short time. 

Graphical representation is given 
to show the relation between the 
thickness of chill wall and freezing 
time (solidification at the center of 
the casting is completed earlier 
with thicker walls). By increasing 
the wall thickness from 1% to 2's 
in., the final solidification time was 
reduced about 9%. Superheat ne- 
cessitates a reduction in flow of 
solidification heat and delays the 
start and end of freezing. 

The macrostructures of the cast 
ings were not markedly changed by 
changing the wall thickness, but 
increased superheat produced a sig- 
nificant coarsening of the structure. 

A single sand mixture contain- 
ing 3% moisture was used to pre 
pare all molds having walls of 
thickness as follows: 2%, 4% and 
7 in. It was recognized that other 
rammed sand mixtures would have 
different thermal characteristics. 

(Continued on p. 176) 





PIPE NORMALIZING-— 


Cut From 5 Hours 
To 3 Minutes 
With Continuous 


Heating Line 


Heat Processing Engineers for Industry — Development + Design * Manufacture 


MINIMIZES SCALE...IMPROVES GRAIN STRUCTURE 


GRADIATION has set another record in this production war—fast 
continuous heat treatment of vitally needed pipe. 


This new Selas technique of heat treating concentrates and accel- 
erates combustion of fuel in a radiant, flameless heat so that 
millions of BTU’s are released with precision control in less time 
and space than required for the release of hundreds of thousands of 
BTU’s in conventional heating equipment. 


Continuous pipe normalizing with GRADIATION will produce savings: 
TIME .. . 5 hours if done by the batch method; 3 min- 
utes with GRADIATION, plus better results. 
STEEL... surface oxidation minimized ...no scale 
... fine grained structure produced with 
GRADIATION. 
LABOR ... no handling between welding and treatment 
. .. pipe requires no straightening following 
treatment. 
This new continuous pipe normalizing treatment, with its uni- 
formly fine-grained structure, is just one of the many achievements 
of GRADIATION in the metal industry. Selas engineers are porting 
constantly with leading manufacturers to design, develop an 
build new equipment—heat processing equipment that will speed 
the products that are needed— now. 


RPORATION OF AMERICA 4a 
PHILADELPHIA 34, PENNSYLVANIA , 
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DEBURR BY THE BATCH! 


Casting fins . . . screw machine burrs . . . unwanted metal 
from sawing, drilling, milling, stamping and other operations 
can be far more effectively removed than by manual methods. 
If you use the right combination of abrasives and detergents 
in @ barrel you'll get... 


© Precision Removal of Burrs © Improved Finish © Vastly Improved Production Speed 


Magnus offers you just such a combination . . . lab-tested ond WRITE FOR THE MAGNUS 
field-proved. Magnus Deburring Cleaner—a fine granular SARREL FINISHING BULLETIN 
obrasive—speeds up and augments the action of regular abra- 
sives. Magnus 100 is a built synthetic detergent that keeps the deburring story, plus 
surface of the abrasives clean and improves their action. It equally useful ideas on 
makes rinsing easier, and speeds up the settling out of abraded other barrel finishing 
metal. operations 


MAGNUS CHEMICAL CO. « 96 South Ave., Garwood, N. J. 
In Canada — Magnus Chemicals, Ltd., Montreal. 
Service representatives in principal cities 


it contains the complete 


12 


| = _ 


CLEANERS + EQUIPMENT + METHODS 
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The Delaware Controlled 
Atmosphere Furnace will 
cut costs throughout your 
FURNACE DIVISION plont . . . wherever tools 


DELAWARE TOOL STEEL Corp. i sec: “a's 


Bulletin F-1 
3301 Market St., Wilmington 99, Delaware 











* * * STRAIGHT FACTS on Controlled 
Atmosphere are included in DELAWARE 
BULLETIN F-1. 


Send for your copy today. 


DELAWARE TOOL STEEL CORPORATION 
WILMINGTON $9, DELAWARE 














METAL PROGRESS; PAGE 176 


Solidification of Steel 


(Continued from p. 174) 

As with chill molds, superheat 
was lost rapidly and almost all of 
the cross section becomes _ iso- 
thermal at the liquidus temperature 
and only a small amount of solid is 
formed at the surface. The end-of- 
freeze curves indicate that final so- 
lidification does not begin at the 
surface until solidification has 
started at the surface. The final 
freezing wave progresses rapidly 
through the casting after a small 
amount of skin has been formed. 
Increasing the wall caused an in- 
crease in final solidification time of 
10% when the thickness was 
changed from 2% to 4% in. Super- 
heat causes a delay in the starting 
and ending of solidification, the 
same condition as was found when 
chill molds were used. 

Moisture content in the mold 
wall hastens solidification during 
the initial stages by causing the 
end-of-freeze wave to start earlier 
It was found that the end-of-freeze 
wave of solidification reached the 
casting center at the same time for 
green and dry sand molds. 

Chill walls transfer an appreci- 
able amount of heat liberated to the 
atmosphere via the outer mold sur- 
face. Sand walls absorb entirely all 
the heat as specific heat, except for 
that heat required to vaporize 
water. Green sand walls therefore 
do not need to be as thick as dry 
sand walls. 

Steel solidification from chill 
mold walls proceeds as a band into 
isothermal liquid at the liquidus 
temperature, while solidification 
from sand walls proceeds as start 
and end waves move from the sur- 
face to the center of the casting. 
Changes in the thermal character 
istics of the mold wall alter not 
only the rate of solidification but 
also the type of solidification. 

D. C. WitiiaMs 








Print showing double reverse bend 
formed in Adams Grader steering 
arm made of Republic Alley Steel. 
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3-DIMENSION 
Metallurgical Service 











TOUGHER 
STEEL... 


the right 


o” The drive axle of the 


oo Adams Motor Grader 
REPUBLIC STEEL ~~ 236% 


Alley Steel. 


Ever watched a motor grader cut a roadside ditch? Or cut down a bank? There 
is plenty of shock and stress on the axles and steering arms of this Adams Motor 
Grader . . . and usually from heavy-handed, heavy-footed operators. 


The right Republic Alloy Steel Bars were decided on jointly by the metallurgist at 
J. D. Adams Mfg. Company working with Republic's exclusive 3-Dimension Metal- 
lurgical Service. The results include fewer rejected parts within the plant, longer 
life with fewer field failures, and fewer customer complaints. 


The Adams metallurgist talked over his requirements with a Republic Field Metal- 
lurgist. Then the Republic field man discussed the problem with two members of 
the Republic team . . . a Republic Mill Metallurgist and a Republic Laboratory 
Metallurgist. The alloy selection and the heat-treat procedures they decided on were 
put into production by Adams. 


Perhaps you and your metallurgists face problems of selecting the right alloy to do 
a certain job best. Or problems of how to shift smoothly to alternate alloy grades. 
We'll be glad to arrange for a Republic Field Metallurgist to put Republic's exclusive 
3-Dimension Metallurgical Service to work for you. 


REPUBLIC STEEL CORPORATION 


Alloy Steel Division « Massillon, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


Other Republic Preducts include Carbon and Steinless Steels—Sheets, Strip, Plates, Pipe, Bers, Wire, Pig Iron, Belts and Nuts, Tubing 
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To obtain 

low-cost hydrogen 
for sodium 

hydride descaling... 


Cylinders are easily handled... 
take a minimum of working space. 


Sharon Steel has one of the few con- 
tinuous steel strip hydride descaling 
processes in operation. To obtain so- 
dium hydride, hydrogen isintroduced 
into the burner at the hydride de- 
scaling bath where it combines with 
sodium. As its source of hydrogen, 
Sharon Steel uses Du Pont “Na- 
tional’”” Anhydrous Ammonia. One 
150-lb. cylinder yields the equivalent 
»f 25! cylinders of hydrogen when 
lissociated. 

The high purity of Du Pont ‘Na- 
tional” —99.99°; Ammonia— means 
fewer shutdowns for removing oil 


Steel strip entering hydride descaling 
bath at Sharon Steel Corp., Farrell, Pa. 


Sharon Steel 
dissociates Du Pont “‘National’’* 
ANHYDROUS AMMONIA IN CYLINDERS 
99.99% Ammonia 


deposits from catalysts used in dis- 
sociating. And the cylinders are con- 
venient to handle . . . take up little 
working and storage space. 

Du Pont ‘National’? Anhydrous 
Ammonia is always uniform, always 
with a 
moisture content of less than 50 parts 


dependable, always dry 


per million. It is immediately avail- 
able from distributors and stock 
points conveniently located across 
the country. E. I. du Pont de Ne- 
mours & Co. (Inc.), Polychemicals 
Department, Wilmington 98, Del. 


* REG. U. S. PAT. OFF 


DU PONT 


ANHYDROUS 
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NATION 


“AMMONIA 


DISTRICT OFFICES: 
350 Fifth Avenue, New York 1, New York 
7 S$. Dearborn Street, Chicago 3, Illinois 
818 Olive St., St. Lovis 1, Missouri 
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Better Things for Better Living 
«+ ~ through Chemistry 


Polychemicals 


DEPARTMENT 


CHEMICALS « PLASTICS 











PROMPT DELIVERY FROM 
THESE DU PONT “NATIONAL” 
AMMONIA DISTRIBUTORS 


ALABAMA 
' F.H. Ross & Co 
CALIFORNIA 
Los Angeles 
COLORADO 
Denver 


Western Chemical & Mfg Co 


The Chemical Sales Co 
CONNECTICUT 

Waterbury Apothecaries Hall Co 
DISTRICT OF COLUMBIA 

Washington Henry M. Sweeny Co., Inc 
FLORIDA 

Jacksonville Appe Chemical Company 

Miam ayne Chem. Laboratories, Inc 

Tampa. . Graves Br 
GEORGIA 

Atlanta Southern States Chemical Co 
F H. Ross & Co 


Retrig. Supplies Co., Inc 


IDAHO 
Botse Van Waters & Rogers, inc 


Wm. Lynn Chemical Co., tr 


Cherry- Burrell Corp 
Sioux City Kennedy & Parsons C 
KANSAS 
Wichita 
KENTUCKY 
Lewisville 
LOUISIANA 
New Orteans Whitman-Holloway-Oliwier 
MARYLAND 
Baltmmore 
MASSACHUSETTS 
Boston A E. Borden Co. | 
Fall River Borden & Remington C 
Holyoke Eastern Chemicals, inc 


Barada & Page. Inc 


uisville Mill Supply 


Leidy Chemicals Corg 


MICHIGAN 
Detroit Davis Supply C 
Flint Davis Supply Co 

MINNESOTA 
St. Paul Cherry-Burrell Corp 

Barada & Page. Inc 

Barada & Page Inc 


Kennedy & Parsons C 
National Oi! & Supply C 


Eastern Chemicals, Inc 
Cother Chemical Co 
Robinson Bros. Chemicals, Inc 

Buffalo Brewers Supply ¢ 
Eastern Chemicals, Inc 

bell Chemical Co. | 
Eastern Chemicals, Inc 
NORTH CAROLINA 
Chartotte EHR 
Greensboro F.HR 

OHIO 

Cincinnati John H. Schafer, | 
Cleveland =| he Cleveland Brewers Supply C 


&c 
&c 


OKLAHOMA 
Oklahoma City Barada & Page, inc 
Barada & Page, inc 
OREGON 
Portland Van Waters & Rogers, In 
PENNSYLVANIA 
Altoona Western Penna. Chemical Co., inc 
‘gh Penna industrial Supplies Co., Inc 


Providence Borden & Remington Co 
SOUTH CAROLINA 
Cotumina FH. Ross & Co 
TENNESSEE 
southern Products Co., In 
A C. Rochat Co 
John Bouchard & Sons C 


Barada & Page, Inc 

Barada & Page, inc 
H. J. Baron Co 

Barada & Page, In 
Westbrook C 


Louis A. Roser C 
VIRGINIA 
Norfolk Refrigeration Supphers. Ir 
i A 


R. Tiller Corp 


Richmond 
WASHINGTON 
Seattle 


Spokane 
WISCONSIN 
Milwaukee 


Plus warehouse stocks across the country 


Van Waters & Rogers, inc 
Van Waters & Rogers, Inc 


Reichel-Korfmann Co 











Solders and Soldering* 


ARTIME tin conservation meas- 
ures were frequently found to 
lead to increased production costs 
through an increase in the quantity 
of solder consumed for a given op- 
eration, and a greater time required 
to perform that operation. Today 
solder economy may be effected by 
the use of improved techniques. 
Quality in 25 to 30% tin-wiping 
solders is shown by the character 
of the metal in both the pasty and 
solid condition. Where a good sol- 
der will wipe smoothly and be free 
from porosity, an inferior material 
will be excessively friable and fre 
quently cracked in the solid state. 
It is reported that extensive inves- 
tigations into the cause of the fri- 
able nature of the unsatisfactory 
solder have so far not yielded a full 
explanation based either on chemi- 
cal analysis or microstructure, but 
that a procedure which ensures the 
production of suitable material has 
now been devised. The coarseness 
of wiping solder can be reduced by 
the addition of 0.1% arsenic or by 
stirring sulphur into the 


molten 


* Abstract of “Solders and Solder- 
ing: Some Recent Advances”, by H. C. 
Watkins, Metallurgia, Vol. 42, De- 
cember 1950, p. 372-376. 


metal. Porosity can be eliminated 
by the application of a supplemen- 
tary layer of low melting alloy, 
such as the lead-tin-bismuth eutec- 
tic, to the joint while it is still hot. 

Aluminum parts can be soldered, 
provided the adherent oxide film is 
removed. Among the methods sug- 
gested for cleaning are abrasion un- 
der a pool of molten solder, the use 
of a suitable flux, or the use of su- 
personic energy which removes the 
film by cavitation erosion. Because 
of inherent electrolytic corrosion 
hazards, soldered joints on alumi- 
num should be given a protective 
coating. Among the many solders 
available for this application, the 
eutectic of zinc and aluminum is 
mentioned as having excellent 
strength and corrosion resistance 
although its melting point is rela- 
tively high. Some of the aluminum 
alloys are susceptible to embrittle- 
ment at the joint when certain of 
these solders are used 

Repetitive soldering operations 
can be made economically by using 
solder preforms, an externally ap- 
plied flux, and mechanically con- 
trolled heating devices. Solder 
powders mixed with flux have been 
found advantageous when used as a 
paint where a multiplicity of joints 
are to be made. G. S. Purpes 





Over 30 Years’ Experience 








By their repeat orders, many 
leaders in industry show 
preference for Carl-Mayer 
Engineered — 


FURNACE 
AND OVEN 
EQUIPMENT 

Heat Treating Furnaces 
Hi-Speed Rod Bakers 
Welding Rod Ovens 
Paint Drying Ovens 
Ceramic Drying Ovens 
Furnaces and Ovens for 

Other Purposes 


Write for Bulletin No. 350 


The CARL-MAYER @22,c20tien 


eiok ied a! Sic :\'i saa 


CLEVELAND IS,OHIO 
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Graphitization in Low-Carbon Steels* 


sure in service to temperatures in 
the region of 500 to 700° C. (930 to 
1830° F.). The author states that 
these prior studies have accumu- 
lated sufficient evidence to support 
the following conclusions: 


THIS PAPER makes an interesting 
T contribution to the voluminous 
literature which has appeared since 
the first important occurrence of 
this phenomenon was reported in 
1943. Over 40 investigations of this 
matter since then have reported “a 
many conflicting opinions on the 
primary cause of graphitization in 
low-carbon steels after long expo- 


Deoxidation by quantities of 
aluminum in excess of '% Ib. per 
ton progressively increases rate at 
which hypo-eutectoid steels graph- 
*Abstract of “Heterogeneous itize at subcritical temperatures. 
Nucleation of Graphite in Hypo- 2. Rate of graphitization in- 
Eutectoid Steels”, by W. E. Dennis, creases with temperature within the 
Journal, Tron and Steel Institute, Vol. subcritical range. 





BRIGHT 
BRAZING 


OF STAINLESS STEEL 
AND NON-FERROUS 
METALS 


70, May 1952, p. 59-63. 


Bright-brazed and bright- hardened 
parts, courtesy Hamilton Standard 
Division, United Aircraft Corporation. 


with A SARGEANT & WILBUR 
CONVEYOR FURNACE 


Now, ports made of stainless can be BRIGHT-ANNEALED, 
BRIGHT-HARDENED or BRIGHT-BRAZED without oxidetion, on a 
continuous production basis. They come from the controlled-atmos- 
phere conveyor furnace scale-free, bright and clean. 

No pickling, sand blasting or tumbling required. These costly oper- 
ations ore eliminated, so your ports retain their sharp design 

and edges. A special Sargeant & Wilbur alloy for bright-brazing 
makes the joint practically invisible becouse it resists dulling and 
matches the metal color perfectly. Steel and non-ferrous metal 
parts ore brazed in the same operation with excellent results. 








Your samples processed FREE. 
To see your products bright-brozed, 
send somples ond specifications. 


SARGEANT & WILBUR INC. appt ee 


Send for free illustrated booklet giving more information on the Sorgeont & Wilbur Conveyor Furnace. 
Nome 


Compony 


| Se PeesEnTarives | Address 


NEW YORK CITY and EASTERN PENNSYLVANIA — Gerald B. Duff. 68 Clinton Ave.. Newark, N 
MICHIGAN M. C. Schwer, 2970 W. Grand Blvd., Detroit 2, Mict OHIO, INDIANA. WEST VIR 
GINLA, KENTUCKY and WESTERN PENNSYLVANIA — M. L. Snodgress, 429% 

NEW ENGLAND James J. 1 kis 


Silsby Road, Cleveland 
184 Weeden St Pawtucket, KR. I 
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3. Normalizing from high tem- 
peratures reduces the tendency of 
these steels to graphitize. 

4. In welded specimens graph- 
ite forms preferentially in the re- 
gion of the Ac, isotherm, forming 
“eyebrows” corresponding to the 
individual weld passes. 

Two questions of fundamental 
significance still remained un- 
answered: (a) whether the residual 
aluminum alloyed with the iron or 
the aluminum oxide particles are 
the main cause of accelerating 
graphitization; and (b) whether the 
graphitization is retarded by in- 
creasing the grain size or by some 
other process during high-tempera- 
ture normalizing. This paper pro- 
poses an answer to these two 
questions. 

The steels used in the study were 
melted in an 18-lb. capacity induc- 
tion furnace, deoxidized with 4.5 
lb. of aluminum per ton of steel, 
cast into small ingots, and forged 
to ‘2-in. rounds. Each heat was 
held at 2280° F. for 15 min. after 
forging. The analyses of the melts 
were within the following limits: 
0.20 -0.22% 
0.23 -0.2 


0.50 -0.60 


Carbon 
Silicon 
Manganese 
Phosphorus 0.015-0.020 
Sulphur 0.020-0.022 
Residual aluminum 0.14 -0.16 


The ‘s-in. round specimens, 
weighing about 20 g., were graphi- 
tized at 1110° F. for periods of 250 
to 2000 hr. After treatment, the 
samples were cut into three sec- 
tions; the center slice was for mi- 
croscopic examination, and the two 
other pieces (freed from scale and 
decarburization by grinding) were 
for chemical analysis. The avy- 
erage number of graphite nodules 
observed in the different specimens 
was measured microscopically by 
counting the number of nodules 
across the sample diameter at 27 
equidistant points at 250. 

Specimens from three steels 
were graphitized at 1110° F. in air, 
vacuum and in purified nitrogen. 
Only a small amount of graphite 
(less than 10% of the total carbon) 
was found in samples graphitized 
in vacuum and nitrogen. No in- 
crease in graphite occurred in these 
samples after 250-hr. exposure up 
to 1000 hr. 

The specimens exposed in an 
atmosphere of air showed con- 
tinued increase in graphite nodules 
from 5% at 250 hr. to 40% after 
1000 hr. The author considers that 
the graphite observed in the vacuum 
and nitrogen atmosphere specimens 
is generated by the alumina nuclei 

(Continued on p. 182) 





Control Process Temperatures Precisely 
With G-E Pyrometers that Fit the Job 


1 TYPE HP PYROMETERS 


STABLE ON-OFF CONTROL: Type HP pyrometers 
are calibrated to an accuracy of 0.75% of full-scale 


span at 77F on easy-to-read 7-inch scale. 


CONTROLLER SENSITIVITY: pointer motions not 
exceeding 0.1% full-scale length cause on-off oper- 
ation even in the presence of 15% variation in line 
voltage and/or frequency variation from 45 to 65 
eveles per second. Bulletin GEC-713. 


2 TYPE FH-1 HAND PYROMETER 


QUICK, EASY TEMPERATURE CHECK: Two 
scale ranges of 0-5SOOF and 0-1500F make a variety 
of temperature measurment possible with the 
FH-1. Simply flick a switch to change scales. 


INTERCHANGEABLE TIPS: 3 different ones, for 
measuring temperatures of solids, liquids, and 
gases. Bulletin GEC-836 





FOR MORE INFORMATION write or coll 
your nearest G-E apparatus sales office or 
authorized agent or distributor. For bulletins 
write to Section 602-244, Genera! Electric 
Co., Schenectady, N. Y. 


GENERAL @@ ELECTRIC 
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Graphitization in Low-Carbon Steels 


(Continued from p. 180) 
contained in the specimens after 
deoxidation. He further assumes 
that the continual increase in the 
amount of graphite with time, 
which was observed in the samples 
exposed to air, is due to internal 
oxidation of residual aluminum to 
alumina. These provide new nuclei 
for further graphitization. Although 
the several steel heats examined 
showed different amounts of graph- 
itization, all of the data is quite 
consistent for the samples exposed 
to air. A confirmation of the inter- 
nal oxidation of Al to Al,0O, was 
provided by testing smaller samples 
in air. These showed a faster rate 
and a larger amount of graphitiza- 
tion, indicating that oxygen diffu- 
sion into the specimen is an 
important factor in graphitization. 

The specimens discussed above 
had all been heated to 2280° F. for 
15 min. and air cooled. This treat- 
ment generated the optimum grain 
size in these steels. When other 
samples were reheated to 2280° F. 
for a longer time and then exposed 
at 1110° F., the amount of graphite 
nodules decreased. Some of these 
samples were pretreated at 2280° F. 


in air and some in vacuum but in 
both instances the amount of graph- 
The author 
concludes from these results as 
follows: 

1. The original specimens (as- 
received) have a positive segrega- 
tion of aluminum at the grain 
boundaries a legacy of differen- 
tial freezing from the melt which is 
not much reduced by the 15 min. at 
2280° F. in the original fabrication 
used in preparing the samples. 

2. Holding for longer times at 
2280° F. promotes homogenization 
through diffusion and retards for- 
mation of Al,O, nuclei by internal 
oxidation. 

3. Pretreating at 1650 and 1740° 
F. also reduced graphitization and 
reduced segregation of aluminum 
by readsorption. The optimum 
amount of graphite was observed 
at a pretreatment temperature of 
1920° F. 

The four heats studied, almost 
identical in composition and deoxi- 
dation treatment, exhibited remark- 
ably different susceptibility to 
graphitization. The author specu- 
lates that this may be due to vary- 
ing degrees of 


ite always was lower. 


segregation of 


aluminum in the several melts. Al- 
though this may be logical, the great 
difference between the four heats 
(80% graphite in 500-hr. exposure 
for heat A as compared to 34% 
graphite after 2000 hr. for steel B), 
it might well be related to the de- 
gree of oxidation of the melts at the 
time of the addition of aluminum. 
The author concludes that the 
accelerated graphitization of hypo- 
eutectoid steel deoxidized with ex- 
cessive amounts of aluminum is due 
to Al,O, nuclei and not to residual 
aluminum content of the steel. In- 
ternal oxidation of the alloyed Al 
to Al,O, during high temperature 
exposure provides Al,O, nuclei for 
graphite growth. The effect of pre- 
treatment in the austenitic range is 
related to the extent that the re- 
sidual aluminum is segregated at 
the austenitic grain boundaries, this 
segregation determining the rate at 
which the nucleating dispersion 
can be formed by internal oxida- 
tion during graphitization. He 
further postulates that the chain 
graphite “eyebrows”, observed 
along the Ac, isotherms in welded 
specimens, result from aluminum 
segregation in welding, since alu- 
minum is some 30 times more solu- 
ble in ferrite than in austenite at 
that temperature. E. C. Wricut 








L 
Write 
to receive 
your copies 
of Belmont’s 
timely ‘Metal- 
of-the-Month”’ 
letters. 





303 Belmont Ave. 


_— ... because Belmont is flexible . . 
today if need be. . 





Dickens 2-4900 





. set up to meet tomorrow's schedule 
. organized to rush emergency shipments, large or small. 
Scheduled deliveries are preferred, of course, but metal uncertainties today 
have thrown many a well-planned program off. Belmont’s quick action helps 
bring them into line again — gets you immediate, efficient attention to orders 
or inquires. 


Metals? > Contact Belmont — up-to-the-minute for over half a century — All 
Metals, All Alloys, All Forms — and FAST DELIVERY! 


“Pulling Meltle into Metals Fine 1896” 


Be ml SMELTING & REFINING WORKS, INC. 
Brooklyn 7, New York 
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Here’s a before and after photo of a test rack of 
different alloys. The “after’’ photo (below) shows 
how the alloys reacted with exposure to high- 
temperature corrosion in this particular test. It's 
through tests like this that Inco’s High-Temperature 
Corrosion Engineers are uble to determine the mate- 
rial to recommend for special operating conditions. 


Anyone working with the higher opera- 
ting temperatures has undoubtedly run 
into the common problem of equipment 


failure. 


Engineers have found that corrosion 
quickly spells death to many metals 
when the temperatures mount. 


That's why Inco established a special 
High-Temperature Engineering Service 
to search out and determine what ma- 
terials would stand up best under un- 
usual corrosive conditions at high 
temperatures. 


You can see some of the results of 
their tests in the heat-treating, glass, 
chemical, petroleum, aeronautical and 
power industries when you visit the 


67 Wall Street, New York 5, N. Y. 


What’s Your High-Temperature Problem? 


Inco High-Temperature Corrosion Engineers want to help you solve it. 


National Metals Exposition at Conven- 
tion Hall in Philadelphia, October 20-24. 
Inco’s booth is 324; drop around and 
visit. There'll be Inco High-Tempera- 
ture engineers on hand to discuss your 


problem with you. 


They may have the answer you are 
looking for — if not, you can be sure they 


will attempt to get it as soon as possible. 


So remember Inco’s booth number 
324~—at the National Metals Exposition. 


Or, send today for your free copy of 
the High-Temperature Work Sheet. It 
is a specially developed simplified form 
to aid you in setting down your problem 
so that our engineers can go to work 
on it. 


se’ THE INTERNATIONAL NICKEL COMPANY, INC. 
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How much 
heat from 
a heat 


You've seen molten metal before . . . but chances 
are you've never seen a “heat” that’s more closely 
controlled as to composition and quality than the one 
you see above. For this is a heat of Hoskins Chromel 

the original nickel-chromium alloy that first 
made electrical heating practical. Into it go precise 
amounts of the purest raw materials obtainable... 


mixed, melted, and poured in exactly timed cycles. 


Hoskins Chromel-Alumel ther 
mocouple alloys accurately 
register exhaust temperatures 
of jet aircraft engines 


Heating elements madeof Hos Spark plugs equipped with 
H 


kins Chromel give long life 
service in industrial electric 
furnaces, home appliances. 


kins electrode alloys give 
long dependable service wher 
ever they're used. 






of Chromel ? 


And from it, ultimately, will come approximately 


1200 pounds of fine finished material smooth, 
bright, durable wire or ribbon produced to a spec- 
ified resistivity for long, dependable service as heating 
elements or cold resistors in countless different elec- 


trical devices. 


Chromel, however, is only one of many specialized, 
quality-controlled alloys developed and produced by 
Hoskins. Others include: Alloy 502 . . . used through- 
out industry for a wide range of heat resistant me- 
chanical applications. Spark plug electrode alloys. . . 
which have become universally accepted standards of 
quality and durability. Alloy 717 . used in facing 
engine valves for longer life and improved service. 
And, of course, there are Hoskins Chromel-Alumel 
thermocouple alloys for industrial furnaces and jet en- 
gines . unconditionally guaranteed to register true 


temperature-e.m.f. values within close specified limits. 


MANUFACTURING COMPANY 


4445 LAWTON AVENUE °* 


DETROIT 8, MICHIGAN 
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LALA 


In almost any product where motion is involved, light weight is a primary 
requisite. From airplanes to portable saws, magnesium, the lightest of all 
structural metals, pays off handsomely by allowing the addition of extra 
features without increasing weight! But that’s only half of the potent sales 
story magnesium has to tell. Of equal importance is its remarkably high 
strength/weight ratio. This advantage can be translated into profits by 
greatly simplified constructions resulting in lower production costs. To 
the designer, magnesium offers unprecedented flexibility with a variety of 
alloys possessing characteristics of strength, toughness, machinability and 
corrosion resistance. Fabricated magnesium is produced in all common 
forms: castings, forgings, extrusions, sheet and plate; and can be econom- 
ically worked by all standard shop practices. 









































That is why we say, “If you design with light weight in mind, you will 
naturally consider the metal of motion . . . MAGNESIUM.” 


THE DOW CHEMICAL COMPANY 
Magnesium Department ¢ Midland, Michigan 
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PORTLAND, OREGON 
A. C. WOOLLEY 
1869 S. W. Broadway 
‘el.: Beacon 4988 


SAN FRANCISCO, CALIF. 
FRED W. SCHLAPP 
204 Davis St. 


LOS ANGELES, CALIF. 
LLOYD J. BOHAN 
1680 N. Vine St. 
Tel.: Granite 8367 


HOUSTON, TEXAS 
M. K. GRIGGS— 
B. W. WALLIN 
2801 San Jacinto 
Tel.: Atwood 2261 


+ 
Kepresenting NEW ORLEANS, LA. 
s 8 M. K. GRIGGS— 
B. W. WALLIN 


Tel.: Atwood 2261 


Houston, Texas 


CHICAGO, ILLINOIS 
FRANK J. STARAL 


“ C C 0 Ll 4) y Tan Avenue Saat 


ST. LOUIS, MO. 


SHEA-BROWNELL 
3903 Olive St. 
Tel.: Newstead 1533 


DETROIT, MICHIGAN 


Leadership of a product is determined by the service OT bacneshoes Wide. 


and quality it renders. ACCOLOY, with its reputa- ee 
tion for ENGINEERING, DESIGN and MANUFAC- CLEVELAND, OHIO 


sail : ' : —— STANLEY G. KROTO 
TURE of Heat and Corrosion Resistant Castings, has Euclid-71st Bldg. 

i = Tel.: Henderson 1-6257 
these men strategically located across the nation to 


uphold that position as leader. Call the nearest er a 
ACCOLOY Engineer who CAN and WILL show you SiS Oliver Bide. 


Tel.: Atlantic 1-7346 





how ACCOLOY castings definitely show an increase 


PHILADELPHIA, PA. 
THOMAS C. DONOVAN 
1615 N. Second St. 
Tel.: Regent 9-4616 


in profits on your production line. 


Accoloy Castings .. ."‘Preferred by Industry!” 


Producers of Belts, Chains, Retorts, Muffles, Salt Pots, Roller Rails, Carburizing Boxes, Trays and Fixtures 





MEAT RESISTANT CASTINGS ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN e ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION KESISTANT CASTINGS 
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Greater 


CHROMIUM ALLOYS 


to meet your steel and iron requirements 





for bearing steels 


Vanapium CorPorRATION 
or AMERICA 


420 Lexington Avenue, New York 17, N. Y. 
Detroit « Chicago © Cleveland « Pittsburgh 


en 
mOR* ~ 
MAKERS OF ALLOYS, CHEMICALS AND METALS 
Our nearest Vanadium repre- 


sentative will be glad to discuss 
your application with you. 





Alloy 


Cr | Si 


| 
c 


| Application 








Low Carbon 
Ferro Chromium 


Low Carbon 
Ferro Chromium 


Low Carbon 
Ferro Chromium 
Silicon 


Medium Carbon 


Ferro Chromium | 


Silicon 


High Carbon 
Ferro Chromium 


lron Foundry 
Ferro Chromium 


Ferro Chromium 
Briquettes 


V-5 Foundry 
Alloy 





67/72% | 1.00% max. 


| 
38/42% | 40 45% 


| 


| 
| 48/52% | 25/30% 
| 


66/70% | 2.00% max. 


62/66% | 6/9% 


} 


38/42% | 17/19% 





03/2.00% 
mox, 
| 


58 60% | 6.00/11.00%) .03-.06-.10% 


| max. 


| 


1.25 max. 





4/6% 


Hexagonal. Weigh approx., 3% Ib. 
contain 2 Ib. of chromium 


|8/11% Mn 


.03&.05%max. 





For production of stain- 
less & other low carbon 
chromium steels as final 
chromium addition. 


For large chromium 
additions to stainless 
where rate of solution 
and moderate silicon 
addition are desirable 
to aid chromium re- 
covery from slag. 


Serves dual purpose 
of adding chromium 
to stainless steel and 
recovering oxidized 
chromium from slag. 


For adding both chro- 
mium and silicon to low 
alloy steels; ease of 
solution permits ladle 
or furnace additions. 


Standard alloy for 

moderate chromium 
AAs to 

and high carbon steels 

and irons. 





A more readily solu- 
ble alloy for moder- 
ate chromium additions 
to cast iron. 


Practical and conven- 
ient form of adding 
ferrochrome to cupola. 


A high carbon alloy 
for chromium addition; 
reduces chill, increases 
strength and hardness 
of cast iron. 





Also other special Ferro Chromium and Ferro 


ne ni AE ISS 


Chromium Silicon Alloys to meet your needs. 
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UPSET YOUR TOUGH ONES... 


Most forge shops customarily assign the more difficult upset 
ON NATION AL and piercing jobs to National Forging Machines. 
Our broad experience enables us to design and build a line 


FORGING MACHINES!  snigiment - whether plowshurce or high extlecive sleile 


assignments . .. whether plowshares or high explosive shells. 








THIS DOOR IS ALWAYS OPEN 
We invite you to apply our experience to 
your hot and cold forging problems. Send 
us prints or samples of your jobs. Better 


yet, pay us a visit. No obligation. 


MACHINERY COMPANY 


TIFFIN, OHIO. 


| 
ii 


| 
| | 


DESIGNERS AND BUILDERS OF MODERN FORGING MACHINES —MAXIPRESSES—COLD HEADERS—AND BOLT, NUT, RIVET, AND WIRE NAIL MACHINERY 


Hartford Detroit Chicago 





_ 


‘ 
yor Hours More Productive 


7 


’ 


4 wonogement Method to Make 
~ 


Why Not Gear Up For Today’s Production 


. see x 
mr \ 
x ~~) \ 
,, “4 . 
For 11 years this 


Stentor blanking die and punch gave 
trouble-free performance, averaging 
100,000 gears per grind 
enabled management and production to 


This record 
avoid production delays by keeping 
machines operating with fewer shut- 
downs for resharpening. The precision 
gears, 120 teeth/90 pitch, are made from 
24 ga., %4-hard brass. In heat treatment 
the die moved only .0005’’ on the maxi- 
mum diameter of the gear 


It wasn't a happy coincidence that the 
tool and die steel was perfectly suited to 
put production from the tools on a 
smooth, trouble-free basis. It was planned 


This Way? 


that way—with the help of the Carpenter 
Matched Set Method. For the Method 
not only enabled this plant to eliminate 
costly experimentation in selecting the 
right steel, but enabled management to 
forecast output in advance because they 
could count on the tools to produce the 


parts on time 


Used in hundreds of plants, the Method 
offers far more than simplified tool steel 


Export Dept.: 


THE CARPENTER STEEL CO., 
Port Washington, N. Y.—""CARSTEELCO” 


selection. It makes machine operators 
more productive. It enables your plant to 
carry lower tool steel inventories. It 
makes heat treating easier, simplifies tool- 
room and production procedures. What's 
more, it is amazingly easy to apply. No 
extra cost or bother. To discover what it 
can do for you, ask for the new booklet 

How to Get Better Tool and Die Per 
tormance’’. THE CARPENTER STEEL 


CO., 133 W. Bern St., Reading, Pa 


tot Seem 


arbenter 


More than top-grade steels...a Method 


to keep tooling and production on schedule! 


For your convenience, Carpenter carries warehouse stocks in principal cities throughout the country. 
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FORGED SIEEL 
Hydraulic Press Cylinders 


ER SHOWN ARE: 


yur forging — ement 
yugh, y‘ 


DIMENSIONS OF PRESS CYLIND 

e Bore—23 250” Whatever yo 
aan? large oF small, 

© Overall Length- 67'/2 nated poibery ~ 
00 lbs. your specifications. 


finished or t* 
—eere 4 ge to meet 


e Finished Weight—10,2 


NATIONAL FORGE 
AND ORDNAN 
es COMPANY - 
| WARREN COUNTY, PENNSYLVANIA 


Steel Makers + F 
Ma hi > " a reaters ° M hi ‘ 
chinery & Testing Equipment ilectorers inists 
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Converter’s job in Speedomax instruments 
is to receive the (often very small) direct 
current signal which is related to the tem- 
perature, stress pH or other condition 
being measured, and produce an alternat- 
ing voltage. This output is amplified, and 
then directs the balancing system to meas- 
ure, record, and if desired control. 


Good engineering shows in this Amplifier’s 
thorough filtering, high impedance, and 


plug-in 
Speedomax. 


Good engineering 
shows in this Slide- 
wire’s non-induc- 
tive winding and 
in absence of any 
flexible leads 
which might form 
inductive loops. 


CAREER OPPORTUNITI 


many 


. : hes 
in engineering an 
field engineering, product a 


jevemnent. b 
ach nterview al near 


liminary i 


connection to the rest of the 


Good engineering 
shows in this bal- 
ancing motor’s 
small size, and in 
its torque ample 
to operate acces- 
sory control and 
signalling fitments. 


? Meet 
ail 


¢ this long-¢s 
jence. Oppo 


mar 


e recognition 0 
nnel Man 
t of 17 L&N offices. 


es 


ES AT L&N 
tablished firm has 


ram 0 — 

an oy 2A tstanding rec 
; features to attract ou as ne we : 
nd application engineering, 
development. 
-- { progress and 


ager for pre 


A Ut of eugineoning 
for 0. Coupouent ! 


and every Speedomax user benefits by it! 


@ The operating precision of the thousands 
of Speedomax Recorders and Controllers 
which serve industry and science begins with 
the engineering of components like this Con- 
verter. Our specifications apply at all stages— 
all the way back to the plants which make 
metals, insulation materials, etc., for us. These 
specs represent also the best thinking of our 
suppliers’ engineers. The resulting materials are thus quality- 
controlled for us—and us alone. 
From these materials our engineers tell our factory how to make 
converter parts to truly tight specifications. Some parts require prin- 
cipally flatness, or elasticity, or dimensional stability. Reeds need 
correct natural frequency. Many parts of course combine Various 
needs; each gets its requirements. 
Life tests show Fidelity and Stamina. Ingenious and often orig- 
inal design creates from these parts a converter with noise level 
equivalent to only 0.2 microvolt in an emf potentiometer circuit. And 
this fidelity promotes accurate measurement and control. 


Running on life tests since 1948, present-model converters are today 
still well inside performance tolerances. Such a run equals 21.9 
years of 8-hours-a-day, 200-days-a-year-service—or 1.9 years more 
than the present age of the first Speedomax. 

This kind of engineered performance is also built into the amplifier, 
slidewire, motor and scores of other exclusively Speedomax parts. 
It’s at your service whether you want to control temperature of steel 
billets, or record the laboratory studies of steel molecules. Call on 
LA&N application engineers in selecting the exact range (from among 
thousands) and the exact measuring circuit (from among 2300) to 
meet your needs. Write our nearest office, or 4927 Stenton Avenue, 
Philadelphia 44, Pa. 


Lu 
it 


instruments + cutomeotic controls + furnaces 





LEEDS NORTHRUP 











Widely- 


Jel Ad ND46(6) 
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Selection Factor in Choosing Alloys for Die Castings 


Aluminum Alloys Bra Magnesium Alloys Zinc Alloys 
ASTM Nos. $5, SC2 wi ASTM Nos. 12 and 13 | ASTM Nos. 21, 23, 25 








Tensile strength 1 (Strongest) 





Impact strength 1 (Toughest) 


a Elongation : ; 1 (Most ductile) 


Properties 








| Dimensional stability 1 (Most stable) 3 3° 





Resistance to cold flow 1 (Most resistant) 





Brinell hardness 3 1 (Hardest) 





Electrical conductivity 1 (Highest) 2 





Physical 
Constants 





Melting point 2 1 (Highest) 2 








3 
2 
2 
‘Thermal conductivity 1 (Highest) 2 4 3 
3 
3 


Weight, per Cu in. 2 4 1 (Lightest) 





Ease, speed of casting 2 2 1 (Easiest) 





in liw 


Maximum feasible size 1 (Largest feasible) 1 (Largest feasible) |1 (Largest feasible) 





Casting Complexity of shape 1 (Greatest possible) 1 (Greatest possible) | 1 (Greatest possible) 


Characteristics 








Dimensional accuracy 2 


2 1 (Most accurate) 








| a an N 


Minimum section thickness 1 (Thinnest) 





Surface smoothness 1 (Smoothest) 


2 

2 

2 1 (Lowest) 
a : ae 





Die cost” 





Production cost 1 (Lowest) 





1 (Lowest) 1 (Lowest) 


win lw le 


Machining cost 





| 


3 1 (Lowest) 
2 1 (Lowest) 
3 1 (Most used) 


Finishing cost‘ 





Cost per piece 








Nin wil iN N NTN it 


aiw ls 


Extent of Use 

















a Through the use of a low temper ¢ annealing treatment, Alloy No. 23 can 
be made virtually stable im dimensions. 

b Dies for casting the low melting point alloys are least expensive and bave 
longest life. 

cIncludes polishing and buffing expense as well as ease of applying all types 
of pode faites, ook” electrodeposited and organic. 14 

4 Based ow die, material and fuel costs, production speed, machining and fin- 
ishing costs. 


Source: Materials & Methods 














ZINC is the most adaptable metal for the die casting process 
and provides the best combination of physical and chemical 
properties. Zinc die castings are stable, strong, and can be 
cast to close tolerances; they are easily machined and a 
large variety of beautiful metallic and organic finishes can 
be readily applied to the castings. Industry’s recognition of 
these factors is indicated by a two-hundred-fold increase in 
the use of zinc die castings in the last ten years, plus the fact 
that nearly 70% of all die castings by weight are made of zinc. 


DIE CASTING is the Process * ZINC, the Metal» BUNKER HILL, the Preferred Zine 





Eastern Sales Agents: ST. JOSEPH LEAD CO., 250 PARK AVE., NEW YORK 17 


BUNKER HILL 99.99> 


Soles Office for Pacific Coast: NORTHWEST LEAD CO., SEATTLE, WASH. 
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YOU WILL FIND US AS USUAL 





*Qut in front at the Main Entrance” 


AT THE NATIONAL METAL SHOW IN PHILADELPHIA 


where the continuing ADVANCE in G.A. DESIGNS for increasing 
Defense Production, as well as the Casting Quality, reflecting continuing 
and accelerated Research & Development in Process Control, is best 


SEEN, to be fully appreciated. 


GENERAL ALLOYS COMPANY, BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS’’ 


BRANCH BALTIMORE BUFFALO DENVER HOUSTON MUNCIE 
Gathmann ind. Corp R. E. Lynd Tracy Jarrett William E. Brice Co Geo. 0. Desautels Co 
513 Park Ave 812 Tacoma Ave 3501 Valleje St i5t ease Ave Wyser Bidg.. P.0. Bex 776 
OFFICES BIRMINGHAM CHICAGO DETROIT INDIANAPOLIS 
Harry G. Mowat General Alleys Ce General Alleys Co Geo. 0. Desautels Co 
AND 544 American Life Bids 224 8. Michigan Ave 3-147 Gen’! Motors Bidg 2302 N. Meridian St 0 ureh & 
BOSTON CLEVELAND FORT WAYNE MILWAUKEE PHILADELPHIA 
i Alleys Co. E. E. Whiteside jee. O esautels Co Walt Gerlinger Ine © ark Co 
REPRESEN- 405 West First St 1211 St. Clair Ave 416 Utility Bidg 610 West Michigan St 1428 South Penn Square 
PITTSBURGH ST. Lous 


TATIVES hat saa irene 











METAL 


CARBON AND SULFUR ANALYSES MADE EASIER 
WITH DUAL UNIT INDUCTION FURNACE 


In reality two furnaces in one, the Leco IH-15 
Induction Furnace efficiently combines a single 
tube carbon furnace and a single tube sulfur 
furnace with but one power source. The use of 
only one power source lowers by several hun- 
dred dollars the cost of this unit as against two 
separate single furnaces. In operation, the 
power is directed to one combustion tube at a 
time, allowing one sample to be combusted 
while the other is weighed and loaded. In this 
way, almost the same amount of testing can be 
completed as if two separate furnaces were used. 


The carbon side has a combustion tube with a 
patented jet, while the sulfur side has a special 
large combustion tube and a large inductor 
coil. If it would suit your purposes better, the 
IH-15 can be equipped to analyze sulfur from 
both sides, or carbon from both sides, at no 
extra cost. Once purchased, the standard model 
can be altered one way or the other for a small 
additional charge 

The design of the IH-15 is such that no grid 
tap switch is needed. There are no oxygen 
valves incorporated in the unit, but these can 
be purchased separately and can be mounted 
on the furnace or on the laboratory bench. 


One power source 
serves two 
induction furnaces 
in the new 

Leco Model IH-15 


ORDER IT FROM 
HARSHAW SCIENTIFIC 


Having been operated with good success in 
many routine production laboratories, the IH 
15 is now made available to you as a thoroughly 
tested, finished unit. 

Recommended equipment list for one complete 


carbon and sulfur determination installation em- 
ploying the IH-15 


H-15637 High Frequency Furnace IH-15 


CARBON APPARATUS — 
H-15651 Carbon Determinator 
(Leco 4000) . ° 
H-15635-5 Copper Oxide Catalyzing Furnace 
(Leco CU-11A). 
H-15635-17 Combustion Crucibles 
(Leco IH-10-580) (Box 1000) . 
H-15657-22 Combustion Accelerator 
(Leco 100) (Bottle 14) . 
H-15657 Purifying Train (Leco 1150) . 


SULFUR APPARATUS — 
H-15670 Sulfur Determinator 
(Leco 400-1). 

H-15657-20 Rubber Diaphragm Sine rgen Valve 

(Leco 77-250) (2 required) . ea. 16.00 
H-15636-17 Combustion Crucibles 

(Leco IH-10-800) (Box 1000) . 
H-15636-19 Crucible Covers 

(Leco IH-10-900) (Box 1000) . 


$1005.00 


190.00 


60.00 


50.00 


See this equipment at Harshaw Scientific’s booth (1420) at the 
National Metal Exposition in Philadelphia, October 20-24, 1952. 


HARSHAW SCIENTIFIC 


DIVISION OF THE HARSHAW CHEMICAL 
CLEVELAND 6, OHIO 
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Motor End Frames 


Garbage Disposer Housing Aircraft Piston Torque Converter Fuel Pump Body 


aA Ou 


Carbon Pile Regulator Steel-Belted Piston Alternator Housing Diesel Permanent Mold Piston 





Air Connector Launching Barre! for Bazooka 





Wing Actuator For many years the foundry of Thompson's Light Metals Division quietly 
cast thousands and thousands of hard-to-make precision parts in light alloys 
of aluminum and magnesium. 

Word got around that Thompson had the experience and facilities to cast 
light-weight, strong, heat-resisting alloy parts in permanent molds and high 
pressure dies—which eliminated the weight problems of ferrous counter- 
parts. One by one manufacturers came to Thompson for help and advice 
when they learned that the close tolerances achieved by Thompson cut 
machining and finishing costs. 

Today, our capacity is channeled to top-rated jobs. We're building addi- 
tional facilities as fast as possible and, in the meantime, Thompson services, 
as always, are at your command. Our entire staff of creative engineers is 
ready to help you plan new parts or re-design old ones for the future. 


A THOMPSON STORY TOO BIG TO HIDE! 
Thompson Products, Inc. 


2269 Ashland Road ° Cleveland 3, Ohio 
LIGHT METALS DIVISION 
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ENGINEERED PRECISION CASTING CO. | 
FREEHOLD ROAD MORGANVILLE, NEW JERSEY 





... batting 1.000 for DURABILITY! 





We've made over a MILLION 


en « cVANSTEEL 


Babbitt can’t slip WIRE ROPE SOCKETS 


without ONE recorded service failure 











The biggest star in baseball can’t match that performance . @ per- 
fect service record for EVANSTEEL Sockets since we cast the first 
one in 1908! 


Our sockets are exceptionally long-lived because they're made of 
chrome-nickel-molybdenum steel, with a tensile strength after anneal- 
ing that averages up to 60% greater than ordinary carbon steel 


EVANSTEEL Sockets are alloy steel, therefore stronger and lighter 
than carbon steel besides giving longer service. Available in open 
and closed types, from '%4” and up. 


EVANSTEEL provides an additional margin of safety and economy 
in all jobs demanding maximum resistance to shock, wear and breakage. 


CHICAGO STEEL FOUNDRY CO. 
Kedzie Avenue and 37th Street, Chicago 372, Illinois 


Write for EVANSTEEL Bulletin e Makers of Alloy Steel for Over 40 Years 
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THE YOUNGSTOWN SHEET AND TUBE COMPANY 


SENERAL OFFICES YOUNGSTOWN 1, OHIO 
a © Ae Export Offices - 500 Fifth Avenue, New York City 
‘ <4, CARBON ALLOY AND YOLOY STEELS 
GB SS 
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KING PORTABLE 


BRINELL 
HARDNESS TESTER 


Eliminates excessive material 
handling costs in routine and 
special Brinell hardness test- 
ing. The King Portable 
Brinell can be carried to the 
work, used in any position, 
and always puts an actual 
load of 3000 kg. on the 10- 
mm. ball indenter. 


This 27-lb. portable tester 
has a 4-in. deep throat and 
a gap 10 in. high. For larger 
pieces, the test head is easily 
removable for testing sections 
beyond the capacity of the 
standard base. 


Throat—4”" deep. Gap— 10” high. 
+e 


eight— 27 lbs 


Simple to operate, the tester is impossible to overload, 
and even with inexperienced operators will provide con 
sistent accurate results well within the requirements of 


the Bureau of Standards. 


ANDREW 
KING 


BOX 606 A 


ARDMORE, PENNA. 














BUZZER Gas BURNERS 
Gor Many Industrial Gas Uses 


NO BLOWER or POWER NECESSARY 
» ++ just connect to gas supply 


Ring Burners 


Designed to solve numerous Industrial Gas ap- 
plications, “BUZZER” Burners are unexcelled for 
Efficiency, Economy, Simplicity and Flexibility. 
Large variety of models available. 


Send for the “BUZZER" Catalog showing complete line of 
industrial Gos Burners, Furnaces and other equipment. 


CHARLES A. HONES, inc. 


123 So. Grand Ave. Baldwin, L.I., N.Y 








eco” 


for STEEL @ CASTIRON © PIGIRON @ COAL @ COKE e@ OIL © CRACKING CATALYST 


WORLD'S LARGEST MANUFACTURER AND DISTRIBUTOR OF 


RAPID CARBON ANALYZERS 


Conductometric 
Model No. CD-10 
for 0-0.035% 


carbon range 


| Semi-Automatic 


Model No. 4000 
a) 


LABORATORY EQUIPMENT CORPORATION 





Stondard Hand 
Operated Model 
No. 6000-H 


SEND FOR LITERATURE 


METAL PROGRESS; PAGE 198 


St. Joseph, Michigan 





Typical sections inspected by GE OX-140 x-ray units 


LOE 


Blow hole in a Porosity, sand inclusion Microshrinkage in Slag inclusions in Gas cavitations 
zinc casting in aluminum Magnesium casting aluminum plate weld in plastic 


rods 


Put quality control 
on a production-line basis 


GE semi-automatic 
OX-140 provides fast, 
accurate X-fay inspection 
of large production lots 


Quality control engineers are always 
under pressure not to delay production 
schedules for testing and inspection. 
General Electric offers you x-ray inspec- 
tion apparatus that permits both speed 
and control of processes —the semi-auto- 
matic OX-140 

This unit is designed for fast, econom- 
ical inspection of materials like alumi- 
num, magnesium, plastics, and handles 
shects, tubes, rods — as well as cast scc- 
trons 

Compact, flexible, fully protected and 
safe, the OX-140 features full built-in 
radiation protection without the expense 
of special rooms. “Open down” doors 
guard against operator injury. The doors 
also automatically initiate X-ray exposure 
on closing. 

If you have an inspection problem in 
your plant, call the GE x-ray representa- 
tive near you. The OX-140 is just one of 
many x-ray units General Electric has de- 
veloped to help industry do a better job 

. faster. For literature, write X-Ray 
Department, General Electric Company, 
Milwaukee 1, Wisconsin, Rm, AS-9 


4 Semi-automatic OX-140 has two tables on either side that suppor 
G EN ERAL ELECTRIC pre-setup trays of parts on ball bearings. Work moves continuously 
“ / because personnel doesn’t have to leave the room during expx 
One aircraft company radiographs four times as many parts 
their OX-140 as they formerly had been able to inspect wit! 
ventional unit. Fewer man-hours are needed 


——_ 
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Microscope, camera and light source 
in one convenient unit! 


Universal Metallograph 


In the Panphot, Leitz offers the perfect combination 


of research microscope and reflex camera for the 
metallurgical research laboratory. Operating parts 
for observation and photomicrography are right at 
hand, and you can change from one to the other 
quickly and dependably ... without moving from 
your chair. Light source, microscope and camera are 


permanently aligned inasingle, easy-to-use instrument. 


Designed to meet a wide range of needs, the Panphot 
permits the use of reflected light, darkfield illumina- 
tion and polarized light. A full line of accessories is 
available to equip the instrument for all types of 
photomicrography, photomacrography and for draw- 
ing and projecting micro images. The Panphot takes 
3%" x 4%" or 4" x 5” plates or cut film for both 
black and white and color work. 


Another of the famous Leitz microscopes, recognized 


everywhere as the finest microscopes made anywhere. 


For details, write Dept. MP 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


ISTRUMENTS 


ACCESSORIES 
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Chuck 


ELECTRO - ANALYSIS 
APPARATUS 


is now supplied with a new Work- 
ing Manual containing methods and 
extensive bibliography. Copies are 
free upon request. This rugged unit 
is built for round-the-clock duty 
Ammeter, voltmeter, polarity re- 
versing switch and power control 
for each position. Request Bulletin 


130-1 for complete details. 


SCIENTIFIC 
INSTBUMENTS 
Q Q p C-OPPOROTUS 
CORPORATION 
—— re 


ANN ARBOR. MICH. 

















O]UMBIA 


MOTOR GENERATORS 


jor 
Electroplating 
Anodizing 
Electrocleaning 
Electropolishing 


TONG TEST 
AMMETERS } 


@ REVERSING 
SWITCHES 


@ TANK 
RHEOSTATS 


Write for Descriptive Bulletins 


COLUMBIA ELECTRIC MFG. CO. 


4531 Hamilton Ave. . Cleveland 14, Ohio 























pivERSEY 











ar 























O Entirely Different Type of Alkaline Etching Compound for All Aluminum Alloys 
© ELIMINATES SLUDGE AND CEMENT-LIKE SCALE FORMATIONS ON TANK AND COILS 
O ASSURES UNIFORM ETCHED SURFACE WITH A DIFFUSED REFLECTION AND A FINE, EVEN APPEARANCE 


O PROVIDES THE ONLY KNOWN METHOD OF CONTROL TO DETERMINE BATH LIFE 


Photo Courtesy 
EXCEL CORPORATION, 
Elknart, indiens 


. “Through the use of Diversey Aluminux we have been able to accomplish unequalled 
uniformity of the etch. 


. “No scale has ever developed on coils or tank walls since the application of Aluminux. 


. “Aluminux is proving to be less expensive because it need be dumped and recharged 
only on two week intervals. All other materials previously used were dumped every 
week. The estimated saving here alone is about 45%.” 


WRITE FOR FREE DESCRIPTIVE BULLETIN! 


THE DIVERSEY CORPORATION 
METAL INDUSTRIES DEPARTMENT 
1820 ROSCOE STREET, CHICAGO 13, ILLINOIS 


IN CANADA: THE DIVERSEY CORPORATION (CANADA) LDT., PORT CREDIT, ONTARIO 
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For Precision Investment Casting 


Metal Belts _aat 

“go aii (OH! Sherwood wax inJection 
and Handling all -_ 
Materials . . . si Press 


engineered for the 
specific end use by 
Model WP 12 
This is the wax injection press 


which is “doing the job” of 
producing wax patterns for in- 
For applications ranging ‘ ae vestment castings. Widely veod 
from subzero to 2100°F. in foundries of all sizes; sev- 
eral have 2 or more units, also 
installed in many government 
ae arsenals. 


©@ Has large capacity ... 4 
tylinders, each contain- 

Testing standards are ing 67 cu. inches. 

your assurance of “The 

Right Belt" for the job. 


Our Engineering and 


@ Temp. range to 400 F. 

® Pressure range to 
1500 p.s.i. 

- FREE circular and informative booklet, ‘‘Modern 


Precision Investment Casting’’, sent on request 


ALEXANDER SAUNDERS & CO. 
ALUSTRATED ASHWORTH BROS., INC. ¢ Precision Casting Equipment and Supplies + 


fama ccasinadileromsupmenngertin 93 Bedford Street wanins «su New York 14, N.Y. 


- Buffalo + Chattanooga * Chicago * Cleveland * Detroit 
Sales Engineers located in Los Angeles + New York + Philadelphia * Pittsburgh * Seattle 
Canadian Rep., PECKOVER’S LTD. . Toronto . Montreal 








Heat Treat, Quench and Draw 
75mm to 155mm Shells . . . 


ptutomatically 
MARR Shell Furnaces feature: 


the “ROLLER RAIL” Hearth System 
for FAST Mass Production 











MAHR ROLLER RAIL HEARTH FURNACES re- 
quire no manual loading, handling or guiding, ex- — MAHR Direct Fired — Recirculating — Air Draw Furnace 
cept at the charging end of the hardening furnace. 
Produce 40 to 300 heat treated shells per hour—con- 


WRITE and give us this information: (1) size shell 
tinuously. 


you will make (2) required production per hour (3) 
fuel available. We will supply individual specifi- 


Designed for gas or oil firing, or both in case of a - . A 
. ; . cations and further information. 


fuel shortage. Draw furnaces fired by external 
heaters. 


MEAT MEAN OFAC TORING CO. 
OTHER MAHR FURNACES DIVISION OF DIAMOND IRON WORKS, INC 
MINNEAPOLIS, MINNESOTA, U.S.A. 
Standard—Batch—Pusher—Continuous—Rotary— 


Pit—Gas or Oil Fired 1802 N. 2nd Street 
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MISCO 4 


CARBON AND 


CASTINGS 


STAINLESS STEEL 


CAST TO MICROMETER TOLERANCES 


PRECISION-CASTING PROCESS ALLOWS 
pe tow 2 of DES IGN 


The Misco Precision Casting Process is being 


utilized by design engineers in both industrial 
and aircraft fields. 

Castings of intricate design, close tolerances, 
with radiographic and metallurgical control, are 
available to help you mass-produce the part best 
suited for the job. 

The process permits the use of alloys ranging 


from carbon and stainless steels for industrial 


uses, to non-forgeable super alloys for use in 
high temperature aircraft applications. 

Tooling costs are low — making this process 
an important tool for quantity production of 
small complex parts uniform in quality, sound- 
ness, and dimensional accuracy. 

Misco, a pioneer producer, stands ready to 
offer extensive experience in the design and 


application of Misco Precision Cast parts. 


PRECISION CASTING DIVISION 
Michigan Steel Casting Company 


One of the World's Pioneer Producers and Distributors of Heat and Corrosion Resisting Alloys 
1999 GUOIN STREET - DETROIT 7, MICHIGAN 





Resistant Alloys 
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BALL BEARINGS are 


UNIFORMLY CARBURIZED 


ROTARY 
a FURNACES 


Accurate Temperature Reading 
Cuts Costs — Reduces Waste! 


USE Low 


tHe NEW PYRO cost 
Surface Pyrometer 


Here's good news for plants and labora- 
tories who've told us they wanted a low- 
cost, rugged instrument that will give 
accurate surface and sub-surface tempera- 
ture readings under all operating condi- 
tions. The NEW PYRO Surface Pyrom- 
eter is quick-acting and fool-proof 

no special experience needed to operate it. 
Big 4" dial. Catalog No. 180 gives full 
particulars. 














e 
THE NEW PYRO 
RADIATION PYROMETER 


Tells spot temperature 
instantly —in heat 
treating furnaces, kilns, 
forgings and fire boxes 
No thermocouples, 
lead wires or accessories needed! Tempera- 
ture is indicated on direct-reading dial at a 
press of the button. Any operator can use it. 
In two double-ranges for all plant and labora- 
tory needs. Write for FREE Catalog No. 100 


This is part of an actual battery of AGF No. 2GA Batch Furnaces 
for uniform carburizing of Ball Bearings. 

For absolute uniformity of large production 
hardening or other controlled atmosphere treat- 
ment of small parts, you can always depend on 
AGF equipment. 





Just sight it... 
and press the button! 


The Pyrometer Instrument Company 
New Plant and Laboratory BERGENFIELD 8, NEW JERSEY 


Manufacturers of aes Optical, Radiation, Immersion 
gs and Surface ometers for over 25 years 


Write for Bulletin No. 1211A. 

















ISABOUTBORON? WHAT 


WHAT'STHISABOUTBORON?WHAT'STH 


- BORON STEEL 


Table of Contents 


Make Your Own Tests in Your Plant 
Save Time and Test Costs 


WHAT'S 


4 


JTBOR 


Boron Steels, by Panel on Conservation, 
Metallurgical Advisory Board 


A.1.S.1. List of Tentative Standard Boron 
Alternate Steels 





ABO 


and 


TH 


Historical Development of Boron Additions, 
by Robert S. Archer 
Summary of Wartime Investigations of Boron 
in Steel, by Murray C. Udy 
Use of Boron Steel in Production of Hand Tools, 
by Fred J. Robbins and J. J. Lawless 


SABOUTBORON? WHAT 


Caterpillar Tractor Co.’s Experience 
with Boron Steels, by John Parina, Jr. 


TH 


Model TMU-A—Height 44", 
width 64”; weight 1200 ibs 


NATIONAL FORGE Universal Testing Units 


Special Carburizing Steels, Boron Treated, 


Simple to operate—no special 
training required, these sturdy uni- 
versal testing machines are depend- 
able and moderately priced. 


Wide working clearances, long 
stroke, quick-action simplified vari- 
able speed control, improved grips 
and a wide spread of load scale 
ranges adapt this modern, stream 


lined unit to production, research 
or school instruction tests of a great 
variety of materials and specimen 
sizes. A.S.T.M. accuracy require- 
ments are guaranteed. 


Three load scale ranges: Mode 
TMU-A — 0- 305 000, 0-6000, 0-600 
Ibs. Model T B — 0-15,000, 
0-3000, 0-300 ibs. 


Prompt Deliveries. For details, write for Brochure 501 
Testing Machine Division 


NATIONAL FORGE & ORDNANCE CO. 


Dept. MP 


IRVINE, WARREN COUNTY, PENNA. 


by Porter R. Wray 
Plus a Supplement on Hardenability 
Test and Use 


ISAB YUTBORON? WHAT’ 


$1.00 per copy 


American Society for Metals 
7301 Euclid Ave., Cleveland 3, Ohio 


TH 
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the new OLSEN DE LUXE MODEL “SUPER L” 


industry asked for it 





here is real flexibility 


Thirty inch (30°’) clearance between screws— 
easy to work with large specimens. Rugged four- 
column construction—rigidity for off-center loads 
and high columns. 


Loading and weighing units independent of 
each other—no shock transfer. 


Increased stroke length, and higher columns— 
test larger specimens. 


Upper crosshead easily positioned —handle var- 
ious sizes and length of specimens. Separate 
motor control for upper crosshead—additional 
controls on crosshead for convenience. 


Fool-proof Selec$range Indicating System— 


Two Great Universals— 


The Olsen 
Standard "Super L” 


The Olsen 
De Luxe "Super L” 


| Testing & Balancing Machines 
| TINIUS OLSEN 


TESTING MACHINE CO. 
k 2030 Easton Rd, Willow Grove, Pa 





load range selected is automatically color lighted 
to match colored divisions on 28"' dial. Soft- 
view indirect dial lighting. 

50 to 1 ratio of testing ranges. (100 to 1 with 
Olsen Electronic Recorder.) 

Exclusive atcotran electronic null weighing system. 
Change ranges at flip of a switch while under 
test. 

200,000 Ib. and larger machines designed so 
floor line can be on table line or as desired. 
Available in 60,000 Ib.; 120,000 Ib.; 200,000 


Ib.; 300,000 Ib.; 400,000 Ib.; 500,000 Ib ; and 
600,000 Ib. capacities. 


Write today for full details. 
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The lowest cost 
corrosion: resistant 
fasteners 


you can buy 


J) 


entet 2 4+ 


Aavvnnnnnonnni 


y 


Soi te 


If your 
aluminum 
assemblies call 

for corrosion- 
resistant fasteners, 
you can save by speci- 
fying Alcoa Aluminum 
Fasteners. A complete 
line of quality screws, 
bolts, nuts, washers and 
rivets to choose from. 


ALUMINUM COMPANY 
OF AMERICA 


19253 Gulf Bidg 
Pittsburgh 19, Pa 


savin 


Nh 


ahh 


j 
j 


ivanennnnpnnnns 


Fasten Aluminum with 


Alcoa Aluminum Fasteners 


How Pittsburgh Brushes 


SPEED- PRODUCTION 


1. Removing oil film from steel! 


Crown Cork & Seal Co., Inc., 
asked Pittsburgh engineers to 
recommend a brush suitable 
for washing oil film from steel 
before annealing. A “‘built- 
up” brush made of Tampico 
sections was installed. Oil 
and foreign matter were com- 
pletely removed without 
harming the surface of the 
steel. Production showed an 
immediate increase, and time 
saved due to fewer brush re- 
placements added to the 
overall savings. 


2. Satin-finishing brass fixtures! 


Frequent breakdowns and 
brush changes hampered Bas- 
tian-Blessing Company's pro- 
duction of satin-finish parts 
for its products. Pittsburgh 
engineers recommended a 
crimped steel, standard 10" 
brush. Reports after three 
years’ use show Pittsburgh 
Brushes have increased pro- 
duction, improved quality 
and saved materials . . . while 
lasting three times longer 
than previous brushes! 


3. Removing burrs from steel! 
Problem: The National Elec- 


tric Company needed a brush 
to eliminate burrs and scale, 
yet the brush had to combine 
cleaning ability with long life. 
Solution: Pittsburgh designed 
a brush to specifications—a 
brush that was stiff and tough 
enough to penetrate, clean, 
and remove burrs and scale, 
and rugged enough to stand 
up. Result: An increase in 
efficiency; a jump in pro- 
duction! 


Let Pittsburgh Engineers Solve Your = a 


Brush Problems. Pittsburgh’s complete line of 

brushes of every type, for every purpose, will 

provide a practical and economical solution of 

any brush problem you might have. Drop us a 

line on your company letterhead for a copy of our new booklet 
that shows, through actual case histories, how Pittsburgh 
brushes help cut your operating costs. Address: PirrsspurGH 
Pirate Grass Company, Brush Div., Dept. W-7, 3221 
Frederick Ave., Baltimore 29, Md. 


PITTSBURGH 


O er Vuiver- 


af 


: “SEE IT NOW” with Edward R. Murrow — CBS-TV BRUSHES * PAINTS * GLASS © CHEMICALS * PLASTICS 
ve every Sunday .. . brings the world to your armchair. 


<aeee Consult your newspaper for local time and channel. PITTSBURGH PLATE GLAS S COMPANY 
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New abuit 
COATINGS for MEWALS 


Metallic 


Trade Mort 


Organic Decorative ........ Protective 


IRINA AL HAMIL HN YE LTR 


INU 


More Durable Substitute Bright Finishes 








Primer Protection 
against corrosion 


Unichrome Primer AP-10 offers you 
the two properties that insure durable 
finishing of magnesium, aluminum and 
other metals. (1) Great resistance to 
corrosion even by itself. (2) Strong 
adhesion even under tough service 
conditions. That’s why it actually im- 
proves the life of finish coats. For ex- 
ample: Magnesium panels were primed 
with AP-10; others with a standard 
primer. All were given identical finish 
coats and then tested in salt spray. 
Even after 100 hours, panels with AP- 
10 developed no corrosion, whereas the 
others had failed completely. 





Chromate protection 
against corrosion 


Protecting zinc or cadmium plated 
steel or zinc die castings is easy, eco- 
nomical and can meet military speci- 
fications when you use one of the 
Unichrome Dips. Several different ones 
are available to produce black, yellow, 
olive drab or brassy-yellow coatings 
which give required resistance to salt 
spray and exposure. This chemical 
process is adaptable for manual or 
automatic operation. 





THICKER coatings 
for increased protection 


Coatings up to *” thick can be ob- 
tained with a single application of 
Unichrome Plastisol or Organosol 
Compounds. Designed for dipping or 
spraying, these coatings permit you 
to apply heavy-duty protection to or- 
dinary metals. 

These vinyl-base compounds resist a 
wide group of chemicals and corro- 
sives. Baked at 350° F, they cure to a 
tough, flexible, shock-absorbing coat- 
ing suitable for protecting metal prod- 
ucts or parts which are to be exposed 
to severely corrosive service condi- 
tions. Write us about your application. 
We may have just the compound for it. 





enamel used in combination 
with clear, bright metals can provide a 
substitute finish with long service life 


Many of today’s successful substitute 
finishes are combination finishes — re- 
taining the eye-appealing advantage of 
a bright plate and using the corrosion 
resistance of modern organic coatings 
Metal finishers have several such com- 
binations from which to choose to get a 
bright finish with satisfactory service 
life. Laboratory tests, in fact, show that 
a number of substitute bright plated fin- 
ishes protected with Unichrome Clear 
Enamels, Varnishes or Lacquers actually 
have as good, if not better, corrosion re- 
sistance than the finish they replace. The 
extra protection provided by the Uni- 
chrome Clear Coating compensates for 
that lost with deposits that are different 
or thinner than usual. 


TIME-TESTED 
COMBINATION FINISHES 


Zinc Plate of 0.0002” to 0.0005” thickness, 
when chromate-treated in Unichrome 
Clear Dip, can provide a finish that 
matches chromium for brightness. Cor- 
rosion resistant in itself, this outstanding 
substitute finish has been used for years 
with a clear enamel on shelves for qual- 
ity refrigerators, For this particular in- 
terior application, Unichrome Clear 
Coating B-132 provides excellent protec- 
tion against acids, alkalies, grease, mois- 
ture. In most other applications, Uni- 
chrome Clear Coating B-115 supplies the 
extra durability. It resists humidity, 
handling, discoloration, abrasion and has 
established itself as the ideal, all-around 
protector against corrosion of plated 
finishes. 


Chromium, deposited from the Uni- 
chrome S.R.HS. Bath directly on steel 


or on a copper undercoat, is being fol- 
lowed up by many finishers with baked- 
on Unichrome Coating B-172 or B-115 
for the adhesion, clarity, and resistance 
to corrosion and outdoor exposure that 
these clear coatings display 


When baking facilities are limited, ap- 
plying Unichrome Coating A-140 to 
chromium or to Unichrome Clear Dip 
finishes and then air drying or low tem- 
perature force drying gives results com- 
parable in corrosion resistance to many 
coatings that are baked 


Bright Metals such as stainless steel and 
bright passivated zinc plate can be made 
to simulate gold or brass Golors with an 
application of Unichrome Coating B-165 

Gold or Brass-Tinted. This lightfast, 
synthetic is used on both interior and 
exterior trim of refrigerator parts, It has 
excellent resistance to humidity, dis- 
coloration and corrosion. Similar coatings 
available for application to chromium 


METAL FINISHING HELP 


One or another of these combination Uni- 
chrome finishes is solving the bright fin- 
ishing problem on consumer products for 
more and more finishers. The answer to 
your problem also may be only as far as 
the nearest United Chromium office. Write 
or phone the Company that can help you 
on the complete system — the plated finish 
and the organic coating 


UNITED CHROMIUM, INCORPORATED 
100 East 42nd St., New York 17, W. Y. 
Detroit 20, Mich. © Waterbury 20, Conn. 


United Chromium Limited, Torente, Ont. 
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Stripin single or a ewends vp to . total width of 54° may 
be bright U , in this EF ges 
fired radiant tube menatietion. Capacity 7200 ibs. per hour 














A large capacity continuous strip normalizing, annealing and 
galvanizing unit. This is a combination EF gas fired radiant tube 
and electrically heated installation and is over 400 feet long. 


Stainless stee! strip is brigh! or process led i U 
in this EF gas fired special atn osphere tube muffle type Guneee. 
lt also handles other strip reauiring lower temperatures. 





We are in position to design, build and put in 


Operation: continuous strip lines for hot or cold 
rolled, high or low carbon, stainless, silicon, tin- 
plate, aluminum, brass, bronze or any other ferrous 
or non-ferrous strip—for bright annealing, nor- 
malizing, galvanizing, aluminizing, tinning or any 
other process—in the size and type best suited to 
your plant, process, product or production require- 
ments. No job is too large or too unusual. 

Put your production furnace problems up to 
experienced engineers—it pays. 


THE ELECTRIC FURNACE CO. 
Salem « Ohio 


Gas Fired, Oil Fired and Electric Furnaces 


An EF special tmosphere furnace with fame preheating burn-off 
or oxidizing section, and controlled heating and cooling zones for 
producing various surface conditions on strip. 





' ARISTOLOY | 
STEELS 


TWE SYMBOL OF QUALITY 


Hot Rolled 
Forged 
Annealed 
Heat Treated 
Normalized 
Straightened 
Cold Drawn 


Machine Turned 
Centerless Ground 


1578 Union Commerce Bidg. 7251 Powe v 


528 Building 
Cleveland, Ohio Detroit, i “$8 ge 


Michigan 





